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CONTRACT LABORATORY PROGRAM (CLP)
DATA QUALIFIERS

i

For reporting results in the accompanying chemical result tables,
the following contract-specific qualifiers are used. The
qualifiers defined below are not subject to modification by the
laboratory.

The EPA-defined qualifiers to be used are as follows:

U - Indicates compound was analyzed for but not detected. The
sample quantitation limit must be corrected for dilution and
for percent moisture.

J - Indicates an estimated value. This flag is used either when
estimating a concentration for tentatively identified
compounds where a 1:1 response is assumed, or when the mass
spectral data indicate the presence of a compound that meets
the identification criteria, but the result is less than the
sample quantitation limit but greater than zero.

C - This flag applies to pesticide results where the
identification has been confirmed by GC/MS.

B - This flag is used when the analysis is found in the
associated blank as well as in the sample. It indicates
possible/probable blank contamination and warns the data user
to take appropriate action.

E - This flag identifies compounds whose concentrations exceed
the calibration range of the instrument for that specific
analysis. If one or more compounds have a response greater
than full scale, the sample or extract must be diluted and
reanalyzed according to the specifications.

D - This flag identifies all compounds identified in an analysis
at a secondary dilution factor.

A - This flag indicates that a TIC is a suspected .aldol-
condensation product.

X - Other specific flags and footnotes may be requires
properly define the results.

o
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5.0 HYDROGEOLOGIC INVESTIGATION

5.1 Site Geolocyy

The Havertown PCP site is underlain by a relatively thin
(2 to 28 feet) sequence of unconsolidated materials consisting of
fill, micaceous saprolite, and biotite-schist saprolite overlying
a biotite-quartz-feldspar schist and biotite-quartz-feldspar
gneiss bedrock. Lithologic and well construction logs describing
the different materials encountered during drilling are included
in Appendix 1. Well locations are shown on Plate 1.

The typical lithologic sequence listed above appears fairly
continuous from National Wood Preservers (NWP) property through
Philadelphia Chewing Gum (PCG) property. However, at some point
between PCG property and the rear of the properties of
Rittenhouse Circle, the micaceous saprolite apparently thins out,
resulting in fill overlying the biotite-schist saprolite and
biotite-guartz-feldspar gneiss bedrock near Rittenhouse Circle.
In addition, it appears that a limited amount of Pleistocene sand
and gravel terrace deposits may be present in the vicinity of
HAV-07. These deposits may have eroded into or have been
deposited upon the biotite-schist saprolite, which overlies the
bedrock, prior to being covered by fill. Figure 5-1 summarizes
the stratigraphic column for the geologic units encountered at
the Havertown PCP site.

The surficial layer of fill material consists of varying
percentages of very fine- to coarse-grained sand, silt, and
gravel, with lesser amounts of cinders, wood, and metal debris
and railroad ties (on NWP property) . The depth of the fill
appears to be fairly consistent (approximately five feet) under
the NWP plant; however, along the west 3&&€2n>{G {Eagle Road,
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approximately 5 to 15 feet of fill are present under the Support
Zone, Swiss Farm Market, and Young's Produce. On the east side
of Eagle Road, the fill thickens toward the northeast and ranges
between 4 and 18 feet thick. The amount of fill then thins
eastward and ranges between 0 and 4 feet thick in the
Rittenhouse Circle area.

Directly underlying the fill is a saprolite unit which, based
upon field examination, has been segregated into two divisions
using the apparent mineralogies and interpreted parent materials.
The upper saprolite division consists of a dark yellowish-orange
to moderate yellowish-brown highly micaceous, very fine to
medium-grained sand, with some silt (SP and SM) . Remnant
foliation from the parent bedrock is occasionally present and
dips approximately 35 to 40 degrees from the horizontal with some
unknown strike. Highly weathered muscovite schist fragments are
present throughout the interval. The basal saprolite division
appears to directly underlie the upper saprolite division
throughout the study area, with the exception of the Rittenhouse
Circle area just east of PCG. Here, the basal saprolite directly
underlies the fill layer. The basal saprolite consists of a
brownish-black and dark gray highly micaceous fine- to
medium-grained silty sand (SP-SM). Remnant foliation from the
parent bedrock is fairly common and dips approximately 40 degrees
from the horizontal with an unknown strike. Highly weathered
biotite schist/gneiss fragments are present throughout the
division.

Directly underlying the basal saprolite throughout the study area
is a very light gray and dark gray biotite-quartz-feldspar
schist/gneiss bedrock. The contact separating the overlying
saprolites from the bedrock appears to be
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probably a result of variations in weathering. Observations made
during the drilling program indicate that the bedrock appears
highly foliated under the NWP plant and seems to become less
foliated eastward under the PCG plant. Throughout the area of
investigation, the bedrock is moderately fractured, with numerous
weathered zones separated by more competent rock. Most fractures
were observed to form along the planes of foliation, which dip at
approximately 30 degrees from the horizontal. Because rock
cores obtained during the drilling program could not be oriented
to an azimuth line without expensive drilling techniques, the
strike and direction of dip could not be ascertained. In
addition, infrequent minor shallow and high-angle fractures were
present within the bedrock. In the deep exploratory wells on the
east side of Eagle Road on the PCG property, the bedrock was
observed to contain small (approximately one foot in thickness)
pegmatite pods consisting of quartz, oligoclase feldspar,
muscovite, and a trace of biotite. These pods appeared to be
conformable with the foliation and contained minor intra- and
intergranular fractures. In the deep monitoring well at CW-4,
these fractures in the pegmatite pods were highly solutioned and
appeared to provide a good pathway for water to move.

A reconnaissance of the area around the site was performed to
identify bedrock outcrop exposures and to measure the orientation
of any fractures which were found. Only two outcrop exposures
were located in the vicinity of the site. The first was a rather
poor bedrock exposure in an embankment along the east-west
trending abandoned railroad bed which essentially parallels the
northern fence line of NWP. The outcrop is located on the south
side of the abandoned bed, approximately 2,500 feet west of NWP.
Bedrock here consisted of soft to moderately hard, heavily

m r\ f\ f\ f* I ̂ " I

weathered schist, which possessed a well-developedRBoiwatlom
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(laminated appearance) and prominent joints (fractures in rock).
Foliation was found to be oriented north 50 to 64 degrees east
and dipping 83 degrees northwest, while joints were oriented
north 68 degrees west dipping 39 degrees south-southwest and
north 72 degrees west dipping 84 degrees south-southwest*

The second outcrop investigated was located in an old quarry
located approximately 7,500 feet southeast of the site, near the
intersection of Route 1 and Route 3. Here, the bedrock consisted
of a hard, quartz and muscovite schist, with well-developed
foliation and joint patterns. Foliation was measured as north
64 degrees east dipping 42 degrees north-northwest, while joints
were observed with orientations of north 61 degrees east dipping
82 degrees north? north 68 degrees east dipping 83 degrees south;
and south 61 degrees west dipping 79 degrees south-southeast.

To further attempt to identify bedrock fracturing, a fracture
trace analysis was performed for the site. Fracture trace
analysis employs studying aerial photographs for natural linear
features which may consist of tonal variations in soils,
alignment of vegetation, valleys, ridges, etc., that exhibit some
linear orientation. Fracture traces frequently are zones which
are less resistant to erosion than the surrounding materials,
thereby affording an increased permeability. In addition, these
zones may also be areas of groundwater drainage.

A review of available historical aerial photographs from 1958
until 1973 yielded no additional fracture information, as the
area consisted primarily of densely populated urban land.
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5.1.1 Geologic Cross-Sections

Using the combined geologic information from previous
investigations and the current RI studies, two geologic cross-
sections labeled A-A' and B-B', as shown on Figure 5-2, have been
constructed. As shown on Plate 2, cross-section A-A' depicts the
interpretation of the subsurface geology from west to east across
the site, while cross-section B-B' provides a subsurface view
from the northwest to the southeast.

On cross-section A-A', there are three units which comprise the
geologic materials found under the site. Listed in increasing
depth below the ground surface, these are fill; a saprolite
unit, which has been separated into two divisions; and the
schist/gneiss bedrock.

The fill unit is of a fairly uniform depth across the NWP
property and becomes somewhat thicker in the vicinity of the
support zone. The thickness of the fill is not known under Eagle
Road; however, it significantly thickens eastward toward
monitoring well series CW-6. The water table apparently does not
extend into the fill unit in this cross section; however, it does
come very close to its base between monitoring well series CW-3
and CW-6.

The saprolite unit has been separated into two divisions, an
upper micaceous saprolite and a basal biotite-schist saprolite,
based upon the unit ' s field-estimated mineral composition and
inferred parent rock origin. The micaceous saprolite division is
a highly weathered layer which is thickest on the west side of
Eagle Road, while thinning abruptly and slightly increasin
dip east of the road. From the west toward the east, the

t/M
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goes from mostly saturated to slightly saturated under Eagle Road
and then becomes almost fully saturated eastward.

The biotite-schist saprolite division follows approximately the
same thickness pattern as the micaceous saprolite layer in that
it is thick vest of Eagle Road and abruptly thins and remains
thin east of Eagle Road. It appears that the biotite-schist
saprolite division is fully saturated across this cross-section
(A-A').

The biotite-guartz-feldspar schist/gneiss (bedrock) seems to
possess a minor mound-like shape under Eagle Road, which is
exaggerated three times because of the cross-section scales. The
origin of this mound is not known; however, its presence may play
a significant role in the groundwater hydrology at the site. To
the west of the mound, the bedrock gently slopes downward toward
Eagle Road, while east of the mound, the bedrock surface has a
slightly greater eastward dip. The bedrock is completely
saturated across the site and there are no apparent confining
layers.

Cross-section B-B' provides a view of the geology of the site
looking northeast. The geologic units are the same as those
described previously in cross-section A-A'; however, because of
uncertainties in or the lack of geologic information on
previously installed monitoring wells, the cross-section (B-B')
is highly interpretive between monitoring well series CW-2 and
CW-4. As interpreted, a bedrock high occurs in the vicinity of
well R-2, in a fashion similar to that presented in cross-section
A-A'.
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Above the bedrock lies the saprolite unit as discussed
previously; however, between CW-2 and CW-4 series monitoring
wells, the division contacts are uncertain. This uncertainty
factor will become important when dealing with contaminant
migration, covered in Section 5.3.6. As depicted though, the
biotite-schist saprolite is almost completely saturated across
this area, except in the vicinity of well R-2. The overlying
micaceous saprolite division is only slightly saturated. It
appears then that the surficial fill unit is completely
unsaturated (by the water table) at this location, except
possibly near storm sewer inlet 12 where a higher water table
could intersect the base of the fill. Accordingly, the storm
sewer inlets (#1 and #2) do not appear to influence groundwater
or contaminant flow at this location.

Hydraulic potential and generalized groundwater flow lines are
presented on these figures. Discussion concerning them will be
presented in Section 5.3.4.

5.1.2 geologic Fence Diagram

To organize and effectively present the hydrogeologic information
obtained by previous investigations, as well as the data from the
current RI, REWAI has compiled an interpretation of the
subsurface at the Havertown PCP site as shown by Plate 3. This
drawing, known as a fence diagram, combines the geologic data
from available sources and depicts the interpretation in a
three-dimensional perspective. The diagram is vertically
exaggerated three times and the NWP and PCG buildings are
overlain to provide an orientation from which observers may study
the site.

a ̂ ^̂  rî  n ^̂ ^ ̂^̂  ̂ ^ .̂̂  o ji
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There are five different stratigraphic units which are presented
on the fence diagram, namely: macadam, fill, sand and gravel,
saprolite, and biotite-guartz-feldspar schist/gneiss (bedrock).
The interrelationships between the various units, as described
previously in Section 5.2, may be observed on the fence diagram.
Portions of the diagram at the NWP plant (NW-2-81 and NW-3-81)
and along Eagle Road (R-2, R-3, R-4, and R-5) are either blank or
heavily question marked as a result of lack of geologic and well
construction data from previous investigator's well logs. This
results in large uncertainties in providing a correlation with
newly acquired data. The net result is a lack of information
needed to ascertain the migration pathways for immiscible and
dissolved contaminants in the groundwater system.

Overall, the fence diagram provides the viewer with information
concerning the spatial orientations of the geologic units, the
monitoring wells constructed in them, and the man-made factors
which may influence groundwater flow. It is suggested that the
.reader refer to the fence diagram while reading appropriate
report sections which follow.

5.2 Soil Investigation

5.2.1 Introduction

The purpose of the soil sampling program was to determine
estimates of the presence, extent, and degree of soil
contamination at the NWP plant and to establish or modify levels
of personnel protection required for future invasive activities.
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At each of eight locations shown on Figure 5-3, an attempt was
made to collect soil samples from four depths: surface, one
foot, two feet, and three feet. Based upon the results of a
field OVA scan of the samples, 16 samples and 1 duplicate sample
were chosen for analysis from the anticipated 32 samples to be
obtained. In addition, two background samples which were
collected off-site (at REWAI's office in Middletown,
Pennsylvania) and one performance evaluation sample were included
as part of the dioxin/dibenzofuran analysis. Soil samples were
analyzed for dioxin and chlorinated dibenzofuran isomers, the
complete Hazardous Substance List (HSL), and oil and grease.

Soil sampling began on July 16, 1987, by utilizing a 3 1/2-inch
diameter hand auger in which to collect samples from the
specified depths. It was immediately apparent that due to the
nature of the fill material at the NWP plant—consisting largely
of tightly compacted sand, gravel, slag, and railroad ties—hand
augering would not succeed in providing the necessary samples. A
backhoe was then obtained to assist with sampling. Sample
collection resumed on July 20, 1987, and continued through
July 22, 1987. Even with the use of the backhoe, only 14 of the
anticipated 32 soils samples were collected from the 8 sample
points because of refusal of the backhoe caused by fill
materials.

5.2.2 Collection of Soil Samples

At each soil sampling location, samples were collected at each
consecutive depth interval required, unless backhoe refusal was
attained first. Prior to mobilizing on to the next sampling
location, the backhoe, sampling equipment, and the sampler's
outer gloves were decontaminated with a h ^ r s e t f i e steam
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cleaner. This procedure was used to reduce the potential for
cross contamination.

Upon mobilizing to the next sampling point, the sampler would
obtain two samples of the surface (zero to two inches) interval
using a clean stainless steel trowel. One sample was placed into
a laboratory pre-cleaned 1000 milliliter (ml) clear glass,
widemouth sample bottle, provided by the U. S. Environmental
Protection Agency (EPA), for dioxin and chlorinated dibenzofuran
analysis, while the second sample was placed into a
1 liter, widemouth, amber glass bottle for HSL and oil and grease
analysis by CompuChem Laboratories.

Successive depth intervals were attained, one at a time, by use
of the backhoe. At each depth interval, the vertical wall of the
excavation was first scraped off to expose a fresh soil surface.
Samples were then collected from the vertical wall and placed
into the appropriate glassware as previously described. All
sample bottles were appropriately labeled as directed by the Site
Operations Plan (SOP). The HSL soil samples were placed into
sample shuttles with cold packs and shipped by Federal Express to
REWAI's laboratory subcontractor, CompuChem Laboratories. The
dioxin/dibenzofuran soil samples were wrapped in aluminum foil to
reduce their exposure to light and packaged on ice in 48-quart
coolers. As per EPA's instructions, the dioxin/dibenzofuran soil
samples were shipped to California Analytical Laboratory (CAL)
for analysis under the direction of EPA as Case I3150C.
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5.2.3 Results of Soil Sampling

5.2.3.1 Metals - Soil samples were collected at various depths
between the surface and three feet at eight locations on the NWP
plant site. The results of the analysis, for total metals in the
soil samples are shown in Table 5-1. The metals which
exhibited the highest concentrations in soil samples at NWP were
calcium, magnesium, iron, aluminum, sodium, and potassium.
Lesser amounts, although still elevated, of arsenic, cadmium,
chromium, copper, lead, mercury, and zinc were also found.

These last metals listed are the primary metals of concern at the
Havertown PCP site because most of these metals are constituents
of wood treating solutions presently used on a routine basis at
NWP. Reviewing the data for the metals of concern in Table 5-1
indicates that elevated quantities of arsenic, chromium, copper,
lead, and zinc are present in the soils. Arsenic has reported
concentrations ranging between 1.4 and 6850 ug/kg, while chromium
was found between 56 and 22,300 ug/kg. Copper was detected at
levels between 43 and 9,790 ug/kg, and lead at 12 to 108 ug/kg.
Zinc was present at levels from 183 to 13,000 ug/kg.

Figure 5-4 depicts the total concentrations of arsenic, cadmium,
chromium, copper, lead, and zinc, in ug/kg in NWP soils. Because
this was a preliminary soil investigation, designed more to
detect the presence of contaminants and the concentrations at
which they are present, and due to the small sample base, in
which 14 samples were analyzed from 8 locations, it would be
inappropriate to contour contaminant concentrations. It is
apparent from the map, that the area around the storage tanks has
significantly higher concentrations of metals than otne,rD ![*$£?•
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5.2.3.2 Volatile Organic Aromatics - Volatile organic aromatic
(VGA) chemical analysis was performed on soil samples collected
from the NWP site. The results of this analysis, presented on
Table 5-2, indicate that methylene chloride, acetone, 2-butanone,
and total xylenes were the most frequently identified VOAs in the
soil. However, because methylene chloride and acetone are
frequent laboratory contaminants, their presence in the soil
samples may be questionable. Accordingly, total xylenes was the
most frequently identified VOA specie in the soil samples, with
detected concentrations ranging from 5.1 to 2800 ug/kg. Also
found in elevated concentrations were ethylbenzene (3.8 to
490 ug/kg), and toluene (6.1 to 390 ug/kg). Lesser amounts,
listed in decreasing order, of benzene, 4-methyl-2-pentanone,
chloromethane, tetrachloroethene, bromomethane, and trichloro-
ethene were also identified.

Based upon this soil sampling, it appears that the primary
contaminants in the soil are associated with petroleum
hydrocarbons, probably from fuel oil. Secondary contamination in
the soil from solvent-related VOAs was also found in relatively
small amounts. The results of this VOA analysis should be
considered questionable, as the soil sample jars were not septum
sealed. As such, a map depicting the VOA compounds in the soil
was not produced in this report*

5.2*3.3 Base Neutral and Acid Extractables - Base neutral and
acid extractable analysis (BNA) was performed on soil samples
collected from the NWP plant site during the preliminary sampling
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round. The results shown in Table 5-3 indicate substantial
contamination by BNA chemicals. The BNA compounds detected most
frequently and in the highest concentrations were (in decreasing
order) pentachlorophenol, 2-methylnaphthalene, naphthalene,
phenanthrene, and fluorene. Other BNA compounds frequently
found, however, in somewhat lower concentrations, were acena-
phthene, pyrene, fluoranthene, and bis(2-ethylhexyl) phthalate.

Soil sample location S-5 had the greatest total concentration of
BNA compounds with 6,195,100 ug/kg (see Figure 5-5). The
concentration of PCP at this location was 4,500,000 ug/kg and
constituted the greatest portion of this total BNA concentration.
Soil sample location S-4 also had a significant total
concentration of BNA compounds with 713,800 ug/kg detected at the
3-foot depth interval. These elevated concentrations occurred in
and around the chemical storage tank area and reflect the
contamination present in this area. Concentrations of BNA
compounds at other soil sample locations on the site, although
not as elevated as those previously mentioned, are significant
and reflect the widespread contamination of soil on NWP property.
Concentrations of BNA compounds at those soil sample locations
not located in the area of the chemical storage tanks could be
due in part to the saturation of soils from treated lumber stored
in those areas.

Generalizations concerning the BNA analysis include a trend
toward increased concentrations with depth, as was evident at
those locations in which incremental samples were able to be
obtained. PCP concentrations constituted the largest portion of
the total BNA concentrations in all of the samples except S-l,

*8300J73
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S-6, and S-7. Also, PCP concentrations increased with depth as
was evident at soil sample locations S-4, S-7, and S-8.

5.2.3.4 Pesticides and PCBs - Pesticide and polychlorinated
biphenyl analyses were performed on soil samples collected
from eight locations at NWP during the preliminary sampling
round. The results shown in Table 5-4 indicate that PCB-1260 was
detected at a depth of one foot in soil sample S-2 at a
concentration of 1600 ug/kg. This sampling point was located on
th© northern building face of the wood-preserving plant and was
the only sample in which PCBs were found above detection limits.

Beta-BHC and chlordane were the only pesticides which were
detected in soil samples at NWP. Beta-BHC was detected at soil
sample location S-3 at depths of 1 foot and 1.5 feet, at
concentrations of 660 ug/kg and 1300 ug/kg respectively.
Chlordane was detected at soil sample location S-8 at depths of
17 inches and 2 feet at concentrations of 1000 ug/kg and
1200 ug/kg. The approximate locations of these soil samples are
shown on Figure 5-6.

5.2*3.5 Cyanide and Oil and Grease - Soil samples were analyzed
for cyanide and oil and grease. The results of these analyses
are provided in Table 5-4. Cyanide was not detected in any of
the samples.

Concentrations of oil and grease were detected in every soil
sample, with the highest concentration, 560,000 mg/kg, detected
in soil sample S-5. Soil sample S-5 was collected in the storage
tank area situated on the west side of the wood-preserving plant.
This area was highly saturated with oily fluids, which either are
or were stored in the tanks. As would.b., « . - - • - - . . . . A n
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concentrations of oil and grease were greater in samples
collected near ground surface and decreased in samples collected
at increasing depths. The results from the oil and grease
analysis indicate that an oil product was introduced to the soils
on NWP property. The approximate sample locations and oil and
grease concentrations are shown in Figure 5-7. Due to the
nature of the sampling and the small number of sampling
locations , interpretations regarding zones of contaminant
concentration could not be made with any reliability.

5*2.3*6 £î ÂH_̂ Ĥ ._ S,i b e n^ o f u r a n s - Soil s a mp 1 e s were
collected at eight locations on the NWP property and analyzed for
dioxin and chlorinated dibenzofuran isomers by California
Analytical Lab, under the direction of EPA. Soil samples were to
be collected at the surface, one foot, two feet, and three feet;
however, due to the nature of the fill at NWP, it was not
possible to collect soil samples at the desired depths at every
soil sample location.

Tetra- through octa-isomers of dioxin and dibenzofuran were
detected at various concentrations at each of the soil sample
locations, with the results shown in Tables 5-5 and 5-6.
Figure 5-8 shows soil sample locations and total concentrations
of dioxin isomers, and Figure 5-9 shows the total concentration
of dibenzofuran isomers. As shown by Figure 5-8, soil sample S-5
had the highest relative concentration of dioxin isomers, with
39,318 ppb detected at a depth of one foot. Soil sample S-5 was
collected in the area of the storage tanks, where an oily fluid
was readily obvious after penetrating the soil. The octa-dioxin
isomer was detected in the highest concentration and made up the
majority of the total dioxin concentration found at S-5, with a
level of 30,579 ppb. By referring to Figure 5-JpD 4&£§rhb& seen
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that soil sample S-5 also contained the greatest concentration of
dibenzofuran isomers, with the octa-isomer comprising a large
portion of the total concentration of 15,620.9 ppb.

Previous dioxin investigations conducted at other sites (such as
Rappe et al, 1987} reported identifying a portion of dioxin/
dibenzofuran isomer concentrations in relationship with depth.
If these two variables were to be graphically illustrated, a
bell-shaped curve would result indicating lower concentrations
immediately above and below the higher concentrations of dioxin
contamination in the soil column. Due to the sampling program,
soil samples were not able to be collected as a complete series
of samples from each location. Therefore, the data obtained from
this sampling cannot confirm or refute this postulation.

5.2.4 Soil Sampling Results

Chemical results from the soils investigation conducted at NWP
indicate that elevated levels of metals of concern such as
arsenic, cadmium, chromium, copper, lead, mercury, and zinc are
present in the first 0 to 4 feet of soil. The presence of these
metals may be the result of present NWP operations involving the
current wood-treating solutions. No information on the use or
presence of heavy metals in past wood-treating operations is
known.

Volatile organic chemical analysis was performed on the soil
samples, revealing elevated levels of total xylenes and methylene
chloride and acetone. Lesser amounts of benzene and
trichloroethene were also found.

WOO 19!,
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Base neutral and acid extractable compounds such as PCP,
2-methylnaphthalene, naphthalene, phenanthrene and fluorene were
found most frequently and in the highest concentrations. Soil
sampling location S-5 (tank area) had the greatest concentration
of BNAs. Other soil sampling locations contained elevated
concentrations of BNAs, although not as high as at S-5, and are
significant and reflect the widespread contamination of soil on
the NWP property.

Pesticide and PCS analysis indicated that beta-BHC and chlordane
were detected in only four of the soil samples. PCB (1260) was
found in only one soil sample, S-2 (one foot), at a concentration
of 1600 ug/kg.

Cyanide and oil & grease analysis revealed that no cyanide was
found above detection limits in the soil and that oil & grease
levels were significantly elevated throughout the soil samples
taken. This again indicates the widespread introduction of an
oil product to the soils at NWP.

Soil samples were also analyzed for dioxin and chlorinated
dibenzofuran isomers. Soil sample S-5 (tank area) had the
highest total dioxin isomer concentration, 39,318 ppb. The
octa-dioxin isomer made up the majority of the total dioxin
isomer concentration at S-5 and the other soil samples taken.
The same pattern was true for the chlorinated dibenzofurans as
well.

In summary, the soil sampling at the NWP plant site revealed that
the soils contain significant concentrations of fuel oil and wood
preservative (PCP) components which are widely distributed across
the site. Concentrations of metals, possibly the fttfte§ilf|l}
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present NWP operations, dioxin/dibenzofuran, and one location
containing PCB (1260) were also identified in the soils. Due to
the small sampling base, in which only eight locations were
sampled, the extent of contaminant distribution both horizontally
and vertically, as well as the maximum contaminant concentration
range in the soils, is not clearly defined.

5.3 Groundwater Investigation

5.3.1 Purpose for Groundwater Investigation

The groundwater investigation was undertaken to provide site-
specific hydrogeologic information on the characteristics of the
unconsolidated deposits, weathered and fresh bedrock, and
groundwater conditions at the site.

The groundwater investigation began with a preliminary sampling
of 10 existing monitoring wells to determine appropriate
locations for the installation of six cluster well stations.
Each cluster well station consists of a shallow well screened to
monitor the water table surface, an intermediate well screened in
the saprolite near the top of bedrock, and a deep well screened
in the bedrock. This monitoring well network provided the
following:

o Description of the depths, thicknesses, and types of
unconsolidated materials.

o Determination of the thickness of saturated materials.

o
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o Testing of the saturated aquifer to determine its
hydraulic characteristics.

o Assessment of the potentiometric head differential
between the unconsolidated and bedrock materials.

o Determination of the levels of dissolved contaminants
within the network area.

o Determination of the apparent location of the subsurface
oil plume, and the associated dissolved contamination
plume.

Subcontracted drilling was conducted by Empire Soils
Investigations, Inc. (Empire) under the supervision of REWAI.
All work associated with the installation of wells, well
development, collection of water quality samples, and hydraulic
testing was completed as specified by the approved SOP.

5.3.2 Groundwater Monitoring System Procedures

Geologists and staff scientists from REWAI and drilling crews
from Empire were on-site from January 18, 1988, to February 26,
1988, to conduct work associated with the installation of the
cluster well network at the Havertown PCP site in Havertown,
Pennsylvania. A total of 18 groundwater monitoring wells were
installed at the site in 6 locations, as shown on Plate 1.

5.3.2.1 Monitoring Well Construction - The hydrogeologic
investigation required the drilling of 18 wells. The wells
consisted of 6 deep exploratory wells and 12 shallower monitoring
wells. The wells were installed such that two wel
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and one intermediate depth, were drilled adjacent to each deep
exploratory well, thus providing a nest of three wells at each of
the six locations. The deep exploratory wells were used to
ascertain the water quality in the bedrock aquifer and to provide
information on the geology of the site as it relates to the
nature of contaminant migration. The intermediate wells were
used to obtain information on the water quality at the
bedrocfc/̂ aprolite interface, while the shallow wells provided
data about the surface of the water table, which was thought to
contain a floating oil lens. All wells have been used together
to assess the horizontal and vertical migration potential for the
contaminants.

5.3.2.1.1 Deep Exploratory Wells - The exact locations of
the six exploratory wells were determined following a site
survey, mapping, and a preliminary sampling of selected existing
wells. Prior to drilling, DER approved the cluster well
locations. The deep exploratory wells served as bedrock wells
for the subsequent well nests. The DER-approved criteria for
deep monitoring well construction (Figure 5-10) are presented in
summary below.

Deep well construction steps can be summarized as follows:

o Using six-inch ID hollow-stem augers, drilling was
advanced through the unconsolidated overburden section
until bedrock was encountered, obtaining continuous
split-spoon samples throughout this interval. Soil
samples collected from the split spoons were collected
in standard soil jars, labeled, and placed in the heated
on-site storage trailer. Subsequent to the samples
attaining room temperature, each jar R> PPf<9ed and a

U I
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heated headspace analysis performed with a field organic
vapor analyzer (OVA) and the results recorded. The
overburden/bedrock interface was identified as the depth
at which the split-spoon sampler did not progress at
least 6 inches as a result of 100 blows and followed by
refusal of the augers to advance. The resulting
borehole had an approximate diameter of 10 inches.

The REWAI site geologists prepared a written description
and classification of the soil samples using the Unified
Soil Classification System (USCS). Soil samples were
placed into standard glass soil j ars, appropriately
labeled, and boxed for storage at the Command Post.

Upon refusal, the augers were raised approximately two
feet above the overburden/bedrock interface, followed by
the installation of at least a two-foot thick bentonite
pellet seal below the bottom of the augers. The
bentonite pellets were given time to set and swell
before continuing with the drilling. After swelling of
the bentonite, the augers were pushed back down through
the bentonite seal without rotation until once again
encountering the top of bedrock. Although a plug was
used to prevent the bentonite from entering the augers,
some had inevitably forced its way into the hollow stem.
Therefore, after the auger flight was seated into the
bentonite seal, the plug was removed from the augers and
the interior was cleaned of bentonite by using several
Shelby tubes.

AR300
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Drilling proceeded using a four-inch core barrel. Cores
were collected in five-foot sections and the lithologic
description was recorded by REWAI geologists. Rock
coring was completed to a depth of at least 20 to
3 0 feet below the overburden/bedrock interface. The
deep exploratory wells did not exceed 70 feet below the
ground surface. All rock cores collected were
appropriately labeled and stored in wooden boxes at the
Command Post. At the completion of the field investiga-
tion, the cores and soil samples were relinquished to
DER's custody for long-term storage or disposal in
accordance with the provisions of the "Contaminated
Materials Handling Plan," Section 5.0, of the approved
SOP.

After coring a 10-foot interval in each of the
6 exploratory wells, constant-head packer tests were
completed to measure the bedrock's approximate
permeability in each cored interval. Some intervals
were too fractured, resulting in substantial leakage
around the packer seal, which precluded a proper test.
Packer testing was continued in approximately 10-foot
intervals until the final well depth was attained.

Subsequent to completion of the packer tests, a 2-inch
ID Schedule 40 threaded flush-joint PVC 0.020-inch
slotted well screen was installed into the core hole,
with the bottom of the well resting on the bottom of the
core hole and with the top of the screen at least
10 feet below the overburden/bedrock interface.
Two-inch ID Schedule 40 threaded flush-joint PVC riser
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pipe then extended from the top of the well screen up to
at least one foot above the ground surface.

o A Grade 1 Morie sand pack was then placed from the
bottom of the core hole up to at least one foot above
the top of the well screen. The annular space between
the core hole and the PVC riser pipe was then filled
with a thick bentonite slurry from the overburden/
bedrock interface down to the top of the sand pack. At
this point, the augers were slowly pulled out of the
ground while a four percent bentonite/cement slurry was
pumped, under pressure into the annulus, effectively
sealing the annulus.

o The well was then fitted with a six-inch ID steel
protector pipe extending from at least one foot above
the ground surface downward to a depth of at least two
feet below grade. If the well was located in a heavy
traffic area, a locking, watertight driveover was
installed in place of the steel protector pipe. A
cement anti-percolation collar was installed around the
protector pipes and an upper cement seal around the
driveovers to preclude surface water infiltration and
frost heave. A locking cap and #3303 Master lock was
placed on each well, with a duplicate set of keys
furnished to the DER site representative. All locks
were keyed alike.

o Final well locations were visibly marked with
fluorescent orange-colored paint and flagging on the NWP
site. Wells on the PCG property were ̂ê î̂ ĵ  ̂xjstalled
as flush-mount driveovers or with
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extending aboveground, which was painted a dark brown so
as not to attract attention. Wells have been located by
a registered Pennsylvania surveyor, under subcontract to
REWAI, and tied into the project base map.

5.3.2.1.2 Shallow and Intermediate Wells - Twelve addi-
tional wells were constructed to complement the six deep
exploratory wells. Two wells were constructed adjacent to each
deep exploratory well, thus providing a nest of three wells at
each cluster well station. Each shallow well was set to screen
the surface of the water table to intercept any pentachlorophenol
(PCP)/oil layer on top of the groundwater table. The
intermediate depth well was screened in the saprolite layer or
highly weathered bedrock zone near the saprolite/bedrock
interface. Prior to the installation of the shallow and
intermediate-depth wells, the DER site coordinator conferred with
the REWAI geologist(s) and approved the location and construction
of each well. The depths of these wells ranged between 15 1/2
and 55 1/2 feet below ground surface. The shallow and
intermediate monitoring well construction specifications
(Figure 5-11} are summarized as follows:

o Using the deep exploratory well log as a guide, the
screened intervals were determined for the shallow and
intermediate depth wells based upon the objectives of
the monitoring program described in Section 5.3.1. The
shallow- and intermediate-depth wells were then
installed in the proximity of the deep exploratory well.

o Using six-inch ID hollow-stem augers, the borehole was
drilled through the unconsolidated overburden section
until the desired depth was reached. A
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inside of the augers reducing the need to clean out the
inside of the augers upon reaching the desired well
depth. No soil samples were obtained from either the
shallow- or intermediate-depth wells as they were
installed close to the deep wells where this information
was already obtained. The resulting borehole had an
approximate diameter of 10 inches.

Two-inch Schedule 40 threaded flush-joint PVC riser pipe
and 0.020-inch slotted well screen was then installed at
the predetermined depth interval.

The annulus between the borehole and the well screen was
sand packed with Grade 1 Morie sand to a height of
approximately two feet above the top of the well
screen* This was accomplished by retracting the augers
as the sand was poured into the augers. Continuous
measurements by REWAI and Empire ensured the proper
installation of the sand pack.

A bentonite pellet seal at least six inches thick was
placed immediately above the sand-packed intervals with
clean water added, if necessary, to allow the pellets to
swell and seal. Above this seal, the annular space was
filled under pressure with a four percent
bentonite/cement slurry to a depth of approximately two
feet below ground surface. Both the bentonite pellet
seal and the bentonite/cement slurry were installed as
the augers were retracted, in a fashion similar to the
sand pack installation. Continuous inspection during
these procedures yielded a properly constructed well.
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o A six-inch ID steel protective casing or driveover
manhole cover was then placed into the borehole and
a anti-percolation collar was installed in the remaining
annulus up to surface, using Class B cement concrete.
The collar was mounded at the surface approximately
six inches for wells with stickup and two inches for
driveovers, to promote drainage away from the casing.
The outer edge of the cement collar for wells with
stickup has vertical walls to preclude heaving from
freezing and thawing.

o The six-inch ID steel protector casing on stickup wells
and the two-inch PVC riser pipe on driveover wells were
equipped with locking well caps. The inner two-inch
diameter PVC casing was also equipped with a vent to
allow proper pressure equalization during changes in
water level. All locks were keyed alike using #3303
Master locks, with one set of keys presented to DER's
site representative.

5.3.2.1.3 Well Construction Requirements and Decontamina-
tion - Care was taken to assure that plumbness and alignment of
the wells were within the generally accepted tolerance for
monitoring wells so as to allow the performance of all testing
and sampling.

Groundwater effluent, derived from the well drilling, was
diverted to steel 55-gallon drums near the well and transferred
by suction pump to the on-site storage tank or stored on-site in
the drum storage area as described in the "Contaminated Materials

irec
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Handling Plan" (Section 9.0) of the approved SOP. Coring water
was recirculated to minimize the volume of drill water generated*

Upon mobilizing to a cluster well station, clean plastic sheeting
was first laid down around the well site; on top of this, fresh
plywood sheets were placed. The drilling rig was then backed
onto the plywood. Additional plastic sheeting was then placed
around portions of the drilling rig in an effort to reduce
decontamination procedures. Drilling then proceeded through a
hole in the plywood. The use of the plywood sheets and the
underlying plastic sheeting minimized the potential for surface
contamination at the drilling sites.

Prior to mobilization of the rig to another cluster well
station, the just completed site was decontaminated by removing
and drumming the plastic sheeting on it, after which the drill
rig was moved to the decontamination area where it was thoroughly
steamed cleaned with a steam/detergent mix, followed by a
steam/high pressure hot water rinse. Drilling tools and
miscellaneous equipment used in the construction of the well were
decontaminated in a similar manner.

Specific sample collection implements such as split-spoons and
augers were also subjected to the high-pressure steam/detergent
wash, followed by a high-pressure steam/hot water rinse. Plastic
sheeting and plywood boards used during drilling were either
drummed or stored on-site in the drum storage area*

5.3.2.2 Supervision, Sample Collection, and Record Keeping -
All drilling and well construction activities were supervised by
REWAI's on-site project geologists in coordination with DER's
project officer and REWAI's project director. Lithologic £ 20?
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were collected continuously in the six deep exploratory wells
using two-inch ID split-spoon samples for the unconsolidated
deposits and a four-inch diameter by five-foot-long core barrel
for sampling the bedrock. Unconsolidated samples were placed
into clean glass soil jars; clearly labeled with the job number,
well number, sample depth interval, date, and blow counts; and
stored on-site for future reference. Core samples were placed
into appropriate wooden core boxes, clearly labeled with the job
number, well number, sample depth intervals, date, recovery, RQD,
and stored on-site for future reference. All observations made
by REWAI's project geologists are included on the lithologic and
well construction logs in Appendix 1.

REWAI geologists coordinated the drilling and construction of
each of the wells and have prepared well logs which accurately
depict the history of well construction from split-spoon sampling
through well completion. Each final well log contains at a
minimum:

o Project name and REWAI job number, well number, location
of well, total depth of well, time/date of starting,
time/date of completion.

o Results of field FID or PID real-time air monitoring
volatile organic (VOA) analyses.

o Visual classification of all continuous split-spoon
samples using a Munsell Rock Color Chart, grain size
indicator, and the Unified Soil Classification System.

ellsfti
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o Visual classification of all cores recovered from the
initial deep exploration well, including presence of
fractured and/or weathered bedrock zones.

o Record of the number of blows necessary to drive the
split-spoon sampler for each of four consecutive
six-inch intervals, during continuous soil sampling.

o Depth of the top of firm or fresh rock and all other
contacts between dissimilar materials and bottom of the
hole.

o Depths at which water is encountered and the depth of
water upon completion of the well.

All drilling operations were performed in accordance with the
site-specific "Health and Safety Plan," Section 7.0, and the
"Contaminated Materials Handling Plan," Section 9.0, of the
approved SOP.

5.3.2.3 Ambient Temperature Headspace Analysis - The purpose
of the ambient temperature headspace (ATH) was to allow for more
accurate organic vapor readings in a controlled environment
without disparities caused by temperature, moisture, wind, and
drill rig exhaust in the field. The ATH was used in order to
obtain a qualitative indication of volatiles in the soils at the
site and to make general relationships from the ATH results and
the water chemistry results. It should be noted that soil
samples were not collected specifically for the purpose of
conducting a headspace analysis and that the results are not
exact because of the length of time between sample collection and



5-60
T03440-6021

measurement and further because the samples were not collected in
septum-sealed jars.

Soil samples were logged and collected from the deep well of each
newly installed monitoring well series. Soil samples were
collected continuously at two-foot intervals down to bedrock by
means of a two-inch split-spoon sampler. A clean split-spoon was
used to sample each interval and a sample from each interval was
collected in a clean 1,000 milliliter (ml) glass soil jar. The
©ample jars were partially filled leaving a headspace of
approximately equal volume in each container. The sample jars
were then placed in a heated storage trailer at a temperature of
approximately 70°F for a minimum of 24 hours. As the samples
were warmed to room temperature, volatiles were released from the
soil and collected in the headspace of each sample jar. All
headspace measurements were made using a flame ionizing organic
vapor analyzer (OVA) and are recorded in Table 5-7.

According to the table, well CW-1D at the NWP plant contained
elevated soil gas levels just above the groundwater table, which
was at 8.2 feet below the ground surface on March 17, 1988. A
minor amount of soil gas was detected just above the
saprolite/bedrock interface in the 26- to 28-foot sample
intervals. Well CW-2D, also on the NWP plant, contained elevated
soil gas levels throughout the unconsolidated units sampled, with
slightly more elevated levels found above the water table.

On the PCG property, well CW-3D contained significantly elevated
soil gas levels at the 12- to 14-foot and 16- to 20-foot sample
intervals. These intervals correspond approximately with the
groundwater table and the saprolite/bedrock interface
respectively. Well CW-4D has moderately elevairgd̂ ftcrib ££te levels*"*w&rw
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Table 5-7

Ambient Temperature Headspace Analysis Results

Total
Volatile
Organic

Sample Sample Analysis Vapors USCS
Well Depth Date Date (ppm) Symbol

CW-1D 0- 2' 2/3/88 2/4/88 28.0 SP
2- 4' 2/3/88 2/4/88 92.0 SP
4- 6' 2/3/88 2/4/88 100.0 ML
6- 8' 2/3/88 2/4/88 17.0 SM
8-10' 2/3/88 2/4/88 23.0 SM
10-12' 2/3/88 2/4/88 9.0 ML
12-14' 2/3/88 2/4/88 7.0 SM
14-16' 2/3/88 2/4/88 9.0 CL
16-17'2" 2/3/88 2/4/88 3.0 SM
18-18'9» 2/3/88 2/4/88 6.5 SM
20-22' 2/3/88 2/4/88 6.5 SM
22-24' 2/3/88 2/4/88 6.0 SP
24-26' 2/3/88 2/4/88 2.5 SM
26-28' 2/3/88 2/4/88 10.0 SM
28-30' 2/3/88 2/4/88 1.5 SM

CW-2D 0- 1' 1/20/88 1/22/88 0.4 SM
1- 2' 1/20/88 1/22/88 32.0 SM

2' 1/20/88 1/22/88 0.2 SM
2- 3' 1/20/88 1/22/88 46.0 SP
3" 4' 1/20/88 1/22/88 24.0 SM
4- 6' 1/20/88 1/22/88 10.0 SM
6- 8' 1/20/88 1/22/88 6.4 SM
8-10' 1/20/88 1/22/88 51.0 SM
10-12' 1/20/88 1/22/88 21.0 SM
12-14' 1/20/88 1/22/88 25.5 SP
14-15.9' 1/20/88 1/22/88 24.0 SP
16-17.5' 1/20/88 1/22/88 4.2 SP
18-20.0' 1/21/88 1/22/88 6.0 SM
20-22.0' 1/21/88 1/22/88 10.0 SM
22-23.75' 1/21/88 1/22/88 11.0 SM
24-24.9' 1/21/88 1/22/88 12.0 SM
26-28.0' 1/21/88 1/22/88 26.0 SM
28-29.5' 1/21/88 1/22/88 22.4 SM
30-31*0' 1/21/88 1/22/88 10.0 SM
32-32.33' 1/21/88 1/22/88 5.2 SM

flH3002II
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Total
Volatile
Organic

Sample Sample Analysis Vapors USCS
Well Depth Date Date (ppm) Symbol

CW-3D 0- 2' 2/9/88 2/19/88 6.0 SM
2- 4' 2/9/88 2/19/88 1.0 SM
4- 6' 2/9/88 2/19/88 1.6 SM
6- 8' 2/9/99 2/19/88 1.0 SP
8-10' 2/9/88 2/19/88 — SP
10-12' 2/9/88 2/19/88 1.6 SP
12-14' 2/9/88 2/19/88 140 SP
14-16' 2/9/88 2/19/88 — SP
16-18' 2/9/88 2/19/88 90 SP
18-20' 2/9/88 2/19/88 100 SP

CW-4D 0- 2' 2/22/88 2/23/88 — SP
2- 4' 2/22/88 2/23/88 3.0 SP
4- 6' 2/22/88 2/23/88 — ' SP
6- 8' 2/22/88 2/23/88 — SP
8-10' 2/22/88 2/23/88 — SP
10-12' 2/22/88 2/23/88 — SP
12-14' 2/22/88 2/23/88 — SP
14-16' 2/22/88 2/23/88 2.0 SP
16-18' 2/22/88 2/23/88 10.0 SP
18-20' 2/22/88 2/23/88 5.5 SP
20-22' 2/22/88 2/23/88 60 SP
22-24' 2/22/88 2/23/88 75 SP
24-26' 2/22/88 2/23/88 9 SP
26-28' 2/22/88 2/23/88 20 SP

CW-5D 0- 2' 2/15/88 2/19/88 1.0 SP
2- 4' 2/15/88 2/19/88 — SP
4- 6' 2/15/88 2/19/88 — SP
6- 8' 2/15/88 2/19/88 — SP
8-10' 2/15/88 2/19/88 — SP
10-12' 2/15/88 2/19/88 300 SM
12-14' 2/15/88 2/19/88 >1000 SM
14-16' 2/15/88 2/19/88 150 SM .
16-18' 2/15/88 2/19/88 25 SM
18-20' 2/15/88 2/19/88 30 SM

CW-6D 1- 3' 2/17/88 2/19/88 >1000 SW
3- 5' 2/17/88 2/19/88 120 SW
5- 7' 2/17/88 2/19/88 100 SM
7- 9' 2/17/88 2/19/88 400 SM
9-11' 2/17/88 2/19/88 300 SM
11-13' 2/17/88 2/19/88 800 SM
13-15' 2/17/88 2/19/88 45 SM
15-17' 2/17/88 2/19/88 90 SP

^ .r 17-19' 2/17/88 2/19/88 90 ft R 3 Q §& 1 2
19-21' 2/17/88 2/19/88 100 - - ' - SM ~
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between 20 and 24 feet below the ground surface, which is located
in the saprolite. In well CW-5D, a substantial level of soil gas
was detected between the 10-foot and 16-foot sample intervals.
These intervals are near the groundwater table surface. Well
CW-6D showed the highest soil gas concentrations detected in all
of the newly installed deep exploratory wells. Soil gas was
significantly elevated in every sample interval, with the
greatest concentrations found at the 1- to 3-foot and 11- to
13-foot intervals. These intervals approximately correspond to
the surface and the water table, respectively. As the OVA
instrument is sensitive to methane and because no soil samples
were run for VOA analysis, the positive soil gas responses
indicated cannot be wholly attributed to volatile organic
contaminants even though, no visible organic matter was observed
in the soil samples.

5.3.3 Groundwater Sampling Procedures

5.3.3.1 Introduction - Two rounds of groundwater sampling
have been conducted by REWAI at the Havertown PCP site during the
Remedial Investigation (RI). The first, or preliminary, sampling
round was completed during the week of July 28, 1987, on
10 selected existing monitoring wells. This sampling provided
the necessary information to locate and establish proper well
specifications for the future installation of the cluster wells.
The wells sampled during the preliminary round included:
NW-1-81, NW-2-81, NH-3-81, NW-6-81, HAV-02, HAV-07, HAV-08,
HAV-10, R-2, and R-4.

A second round of groundwater sampling was performed during the
weeks of March 7, 1988, and March 14, 1988, and included 10 of
the existing monitoring wells and the 18 newly construcJbeA * nt J

wo®
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cluster wells. Monitoring wells utilized during the second
groundwater sampling round consisted of existing wells NW-1-81,
NW-2-81, NW-3-81, NW-6-81, HAV-02, HAV-05, HAV-07, HAV-08, R-2,
R-4, and the newly constructed monitoring wells CW-1 SID through
CW-6 SID. The existing monitoring well HAV-10 was replaced by
HAV-05 during the second groundwater sampling round since the
HAV-10 well barely yielded enough water for sampling and because
well HAV-05 was considered to provide a better groundwater
sampling point to intercept any groundwater contamination.

Development of all wells was performed by REWAI prior to sampling
in order to remove fine sediments and particles, which may have
accumulated in the well and sand pack following its construction
and to ensure that water samples obtained were representative of
groundwater in the vicinity of the well screens.

The following sections provide a brief description of well
development and sampling procedures for both sampling rounds.
Both the existing and newly installed monitored wells are
discussed. Greater detail on these topics may be found in
Chapter 5.0 of the approved Havertown PCP SOP. The results of
the chemical analyses are presented and discussed in later
portions of this section.

5.3.3.2 Well Development and Sampling of Existing Monitoring
Wells - Preliminary Round (Round #1) - As a part of well
development and during each groundwater sampling round, field
measurements were taken for the groundwater parameters, including
specific conductance, pH, and temperature. These parameters were
used to indicate when sufficient well development had occurred.



5-65
T03440-6021

Details concerning these measurements are found in Section
5.3.3.5.

5.3.3.2.1 Wells NW-2-81, NW-3-81, and NW-6-81 - Wells
NW-2-81, NW-3-81, and NW-6-81 are located on NWP property and
were developed and purged using a one-horsepower centrifugal pump
fitted with a dedicated one-inch ID, 100 psi, black polyethylene
coil pipe and check valve assembly. All purged water was
initially collected in a truck mounted water tank and transferred
later to the on-site storage facility. The water purged from
these wells was chocolate-brown in color and extremely turbid.
Greater than three well volumes were purged from each of these
wells; however, the water still remained turbid. The wells were
generally low yielding (estimated less than 5 gpm), with the
exception of NW-2-81, which had a slightly higher sustained
yield. After sampling by dedicated stainless steel bailer was
completed, the dedicated coil pipe assemblies were placed back
into the wells for future use.

5.3.3.2.2 Well R-2 - It was necessary to develop and purge
this well with a one-horsepower submersible pump and dedicated
coil pipe, as the standing water column was too far below the
ground surface for the centrifugal pump to lift. The well
maintained a sufficient yield; however, even after developing and
purging approximately seven well volumes, the water was still
turbid and colored a light brown. Samples for this well were
collected from the pumped discharge. Following sampling, the
entire pump assembly was removed from the well, the coil pipe and
electric wire were cut up and drummed, and the submersible pump
was cleaned to the extent possible and stored on-site.
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Approximately two feet of free-floating oil was measured in
well R-2, using a sonic interface probe.

5.3.3.2.3 Well R-4 - The standing water column in well R-4
was also too far below ground surface for a centrifugal pump to
be used. As a result, the well was purged by hand using a
dedicated one-inch coil pipe and check valve assembly, as the
available submersible pump could not be decontaminated. A trace
of free-floating product was indicated by the sonic probe;
however, there was no evidence of product in the sampling bailer
after at least three well volumes were removed. After sampling
by a dedicated stainless steel bailer, the coil pipe assembly was
reinserted and left in the well for future use.

5.3.3.2.4 Wells HAV-02, HAV-07, HAV-08, HAV-10, and
NW-1-81 - Due to low well yields (estimated less than 1 gpm) and
poor well construction which allowed fine sand and silt to enter
the well, centrifugal pumps could not be used in these wells.
Therefore, the wells were developed and purged using clean,
dedicated stainless steel bailers fitted with clean, dedicated
nylon rope. Approximately one foot of free-floating oil was
found in well HAV-02, while HAV-07, HAV-08, HAV-10 and NW-1-81
contained no free-floating product. Purge water from all of the
wells had low turbidity and was essentially colorless. Three
well volumes were removed prior to sampling with a new dedicated
stainless steel bailer. The oil in well HAV-02 was bailed off
and placed into the on-site waste storage tanks before this well
was sampled.

5.3.3.3 Well Purging and Sampling of Existing Monitoring Wells
(Round #2) - After reviewing the sampling methods and chemical

aresults from the preliminary groundwater sampling of A5

o
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monitoring wells, it was decided that a more consistent purging
and sampling system was required. In addition, existing
monitoring well HAV-10 was dropped from this sampling round and
replaced with HAV-05 since it was believed that HAV-05 provided a
more representative groundwater sample than HAV-l 0, which was
extremely low yielding during the preliminary sampling round.

To provide a more consistent purging and sampling system for the
existing wells during sampling round #2, all wells were purged
and sampled using a peristaltic pump and dedicated polyflo and
silicon tubing assemblies. All tubing was replaced with new
tubing between wells. Used tubing was then placed into sealed
and labeled 55-gallon steel drums and stored at NWP when sampling
was completed.

A minimum of three well volumes was removed from each well
during purging to ensure that the water within the well was
representative of the surrounding aquifer. The purged water was
collected in a truck-mounted 450-gallon tank prior to being
transferred into a 2,500-gallon bulk storage tank on-site.
Groundwater parameters consisting of specific conductance, pH,
and temperature were obtained during well purging and sampling.
Details concerning these measurements are included in
Section 5.3.3.5.

5.3.3.4 Well Development and Sampling of Newly Installed
Monitoring Wells - The 18 monitoring wells that were installed by
REWAI in January and February of 1988 were all equipped with
dedicated Well Wizard pumps. These are bladder pumps which are
operated by compressed air, which is able to be varied to control
the flow rate of the pump according to the yield of the well.

ft p ̂  n A ̂ L i *?Well Wizard pumps were chosen for these«<fell/aLJff$iy various
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reasons—namely, the pumps can fit into a two-inch well casing;
water can be pumped from wells of varying depths; the pumps can
be dedicated to wells (which eliminates the chances of
cross-contamination); and the pump controller is easily mobilized
from one well to another.

The Well Wizard pumps were used for both development and
sampling. Development and sampling followed the same criteria
and parameters as used for the existing wells which are outlined
in Section 5.3.3. The new monitoring wells responded positively
to development with Well Wizards, by yielding water with good
clarity and consistent parameters. The clarity and consistency
of the water obtained and the use of dedicated pumps ensured the
quality of the samples and the validity of the chemical results.

5.3.3.5 Field Parameters - Field measurements of groundwater
parameters were obtained during both well development and well
sampling for each sampling round. These parameters included
specific conductance, pH, and temperature. Parameters were taken
after a minimum of three well volumes was purged from the well
or after the purge water had sufficiently cleared. Samples were
collected in a clean, quart-size mason jar after the jar had been
rinsed three times with the water to be sampled.

Specific conductance was measured with a YSI Model 33 SCT meter
calibrated against a standard solution at 25°C. Because this
meter does not correct the specific conductance measured at the
field water temperature to its equivalent at 25°C, an immersion
thermometer was used to obtain the groundwater temperature so
that the specific conductance readings could be corrected to
their equivalent temperatures at 25°C. A Beckman pH meter with a
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two-buffer (4.0 and 7.0) calibration was used to measure the pH
of the groundwater.

Field parameters were measured at five-minute intervals until the
specific conductance values expressed less than a five percent
variance and pH varied less than 0.1 vaits for three consecutive
readings.

Well development and well purging were considered to be completed
when this criteria was met. The monitoring wells were then ready
for sampling. In some cases, three well volumes could not be
purged from a well because of low yield. In this situation, the
well was evacuated twice and allowed to recover to at least
75 percent of its original water level without allowing more than
24 hours to pass before obtaining samples.

All purged water was considered contaminated and was collected
and transferred to a 2,500-gallon bulk storage tank on-site.

5.3*3.6 Chemical Analysis

5.3.3.6.1 HSL Plus Oil and Grease - REWAI's laboratory
subcontractor, CompuChem Laboratories (CompuChem), an EPA-
certified laboratory located in Research Triangle Park, North
Carolina, provided the analytical services for the HSL plus oil
and grease analyses for both groundwater sampling rounds at
Havertown.
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Glassware and preservatives for sampling were provided by
CompuChem in "sample saver" shuttles. Table 5-8 indicates the
type of analysis, type and quantity of glassware, type of
preservative required (if any), and special preparation necessary
for each sample type. After acquisition of samples, the
appropriate preservation was performed. All samples were then
packaged with cold packs in CompuChem shuttles and shipped with a
chain-of-custody via Federal Express Priority one overnight
delivery to CompuChem.

Following analysis and QA/QC by CompuChem, data was transferred
to REWAI by Federal Express and via computer. Because of the
voluminous nature of the data and the associated QA/QC, the
original data reports for both sampling rounds were sent to DER
for filing and storage. Appendix 2 summarizes the results
obtained from both sampling rounds.

5.3.3.6.2 Dioxin and Dibenzofuran - The analysis for dioxin
and dibenzofuran during the preliminary sampling round was
performed by the EPA, under the contract laboratory program
(CLP), by California Analytical Laboratory (CAL) of West
Sacramento, California. The groundwater samples analyzed by CAL
were part of Case #3151C, which also included the surface water
samples from Naylors Run. Copies of the data results were
obtained by REWAI through DER. A tabulation of the
dioxin/dibenzofuran results of the preliminary sampling round is
included in Appendix 2.

The dioxin and dibenzofuran analysis for sampling round #2 was
performed for REWAI by ChemWest of Sacramento, California.

1 AR30I



PU

<0
•H
Oa)a

O
•H

M
H -H
CM W
O >.

I

5-71

in M^ h to
rH • Q) C
1C O -P -H
-H rH g
> J3-H -H

-P *W rH
C -H (I)
-H £ Q) ^

. a a<u ^ ro
O 0) M 0)
CU iH f=
W -HO

rH
-O
(0 fH CI
0) 0) O.c uo <a-H
55 tt S W

•H

^ W ton o o c
O CO 1C 10

C
ffi

O ( O M l O
M 1 3 M 4 J G )O O < D 4 J ^ ^

(0

(0a) •c • *d *
CJ

W ^ f M * ^ C M ^ r H ^ * C
tt Q) i - i V r H r H V iH A r-1 r-f <Do o o o o o

C U O f f i O O f f i O f f i O O - H•H o ao o ftu a o u -o

O
-H

n H i - i w r » T 3
Q).a-P

co c o a
I -H Q)
lO rH M r-tp < ( D 4 J0) g ,0 4->
»H ra g oJ3 w 3 CQ* . fe
^ ^

0} M
.p ._ . o
RJ . M M h Vl ^1 • <Hs M ( 0 ( 0 « 5 ( 0 r t
T( (0 *r> -m •?-* i-» •!-» *O
£ rH -o 0)
S ( 0 W W M W W I D
O - H O W W W M W D
J - t > - H i c « J ( C i O R J

4J rH rH rH rH i-H Mw w c n t r t n O ^ t P * 0M m >
( d r H ^ ^ ^ ^ V j
rH a QJ O <U <D QJ D1
^ ^ • S ' S ' S ' 3 3
t-H g 10 (0 (0 (0 (0e ' *-f

O rH rH rH rH i-H O
0 0 4 J^ r i n H H H H H - H

rH
In

(Q Uo m a) ca
-H rH iH (0
C 1C XI W H*o -P (C M (Q tr»

O C
d < ( 0 O
\ M I H M
0 ) ' 3 0)

(0-H.
4J (fl O *« -H -H -H C rHo ( e e w ' c o c . p x a > , f t

• * r H O W " H W r H ( O W O 4 a 0 ) ^
C O O M - H O f l - H > i a ) - H - H C 1 0
O _ > < D r t l f f l O O ^ Q Q O W



5-72
T03440-6021

In order to maintain consistency between sampling rounds,
ChemWest utilized the same analytical procedures and requirements
as specified by EFA in their original Special Analytical Services
(SAS) Regional Request performed by CAL during the preliminary
(round fl) sampling round. A copy of the SAS request for
dioxin/dibenzofuran analysis is included in Appendix 3.

5.3.4 Hydrogeologic Testing

5.3.4.1 Purpose - Measurement of groundwater levels in as many
wells as possible on two separate occasions and slug testing of
all newly installed monitoring wells were conducted at the
Havertown PCP site for the purpose of:

o Determination of the hydraulic properties of the
unconsolidated and bedrock materials.

o Assessment of the interrelationship of the
unconsolidated and bedrock aquifers*

o Determination of the direction and rate of groundwater
flow at the site.

5.3.4.2 Groundwater Level Monitoring - During the course of
fieldwork at the Havertown PCP site, static water level
measurements were made in all existing monitoring wells which
could be relocated and in all of the newly installed monitoring
wells. These wells include the SMC Martin wells, the
James Humphreville wells, and the newly installed REWAI wells.
All water levels were measured on the same day and in as short a
time as possible to allow comparison of all wells. Two

o



5-73
T03440-6021

rounds of water levels were measured and are included here on
Table 5-9.

Groundwater levels were measured by a REWAI field crew on
March 17, 1988, and April 11, 1988. Measurements were made to a
surveyed reference point (top of casing) at each well using an
electric water level indicator or a sonic interface probe. The
water level instruments were decontaminated between wells by
rinsing several times with distilled water. The well number,
date and time measured, depth to water, depth to fluid (oil), and
any corresponding notes are included in the field notes. Water
level elevations are referenced to mean sea level (msl) through a
recent survey by a registered Pennsylvania surveyor, under
contract to REWAI. _

5.3.4.3 Acfuifer Testing

5*3.4.3.1 Slug Tests - In-situ hydraulic conductivity
(permeability) of the saturated unconsolidated materials and
bedrock were determined by means of the rising-head and
falling-head conductivity or "slug test" method. A data logger
recorder coupled with a pressure transducer was utilized to
continuously record changes in water levels in response to slug
immersion and withdrawal. A minimum of two tests in each
direction was performed.

Slug tests were conducted on the 18 newly installed deep,
intermediate, and shallow monitoring wells. Each run of the slug
test lasted between three and four minutes. The data logger was
typically set to record changes in head at the rate of 5 readings
per second for the first 60 seconds and at 1 reading per
5 seconds thereafter. A computer program #@i&3Debora B*

wiroeilniti S@@©©D@I
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Table 5-9

Static Water Level Elevations

Monitoring PVC Casing Ground Surface Static Water Level Elevation (ft MSL)
Well Elevation (ft) Elevation (ft> March 17, 1988 April 11. 1988

CW-1D 308.80 307.2 299.03 299.59

CW-1I 308.82 307.3 299.05 299.23

CW-1S 309.39 307.4 299.48 300.18

CW-2D 307.81 305.8 294.00 294.10

CW-2I 307.59 305.9 293.95 294.15

CW-2S 307.35 305.9 294.04 294.16

CW-30 Driveover 305.13 292.78 292.83

CW-3I Driveover 305.06 292.81 NA

CW-3S Driveover 304.99 292.70 292.76

CH-4D Driveover 305.66 292.74 292.80

CW-4J Driveover 305.77 292.59 292.69

CW-4S Driveover 305.90 292.55 292.63

CW-5D 304.65 302.9 292.31 292.59

CW-5I 304.43 303.0 292.41 292.37

CW-5S 304.61 303.3 292.58 292.49

CW-6D Driveover 301.34 286.20 286.24

CW-6I Driveover 301.20 284.83 285.87

CW-6S Driveover 301.10 285.46 285.56

HAV-02 307.35 307.0 291.95/292.85 292.02/292.98

HAV-05 294.66 294.3 291.08 291.30

HAV-07 283.84 283.0 282.09 282.28

HAV-08 286.75 286.1 283.09 283.41

HAV-10 299.71 299.0 292.11 292.38

R-2 314.24 312.70 289.72/293.82 289.95/293.89

R-4 315.60 316.0 295.81 295.46

NW-1 307.48 307.1 294.63 295.06

NW-2 306.45 306.6 294.43 294.45

«W-3 307.61 307.6 299.49 300.07

NW-6 306.42 306.3 296.53 296.70

"NOTE: 291:95/292.85 * Water Elevation/Oil Elevation In Well

oe
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Thompson (Groundwater March-April 1987, pp. 212-218) and adapted
for use on REWAI's in-house computers was used to calculate and
normalize drawdowns by dividing each by the initial (maximum)
drawdown. A graph of the normalized drawdowns versus time was
made on semilogarithmic paper with the drawdowns plotted on the
logarithmic axis and time plotted on the arithmetic axis. A
"best fit" line was then statistically interpreted from the
analyst's chosen section of the graph by the least-squares
method. The appropriate equation to solve for hydraulic
conductivity was then selected based upon the well construction,
and values for the hydraulic conductivity and regression
coefficients were calculated. Data obtained from the slug tests
and the results of the hydraulic conductivity calculations are
included in Appendix 4.

5.3.4.3.2 Packer Tests - Pressure permeability (packer)
tests were run during drilling to determine the permeability of
the bedrock zone being tested as an aid to establish well
construction. As discussed in Section 5.3.2.1.1, a 10-foot
interval was cored into bedrock and the drilling tools removed,
an inflatable packer was then seated above the bottom of the
hole, and water (from the Philadelphia Suburban Water Company)
under pressure was pumped into the test section. Readings of
water volume (gallons) were recorded every minute for five
consecutive minutes for each of at least three pressure settings.
The data and the results of the calculations are included in
Appendix 4.

The resulting packer test data were reduced to a corresponding
hydraulic conductivity value using the pressure permeability test
reduction method presented in the Ground Water Manual, U. S.

AR300225
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Department of the Interior, Bureau of Reclamation, 1985,
pp. 249-264.

5.3.4.3.3 Summary of Findings - A direct comparison of the
results obtained from the two aquifer test methods reveals a poor
correlation between the bedrock hydraulic conductivities
calculated by the slug test and packer test methods. This is not
unexpected and the comparison should be avoided as the two
methods are utilized for different purposes and because of
inherent differences associated with each test method. The slug
tests were performed to provide an estimate of the hydraulic
conductivity of the aquifer materials in the vicinity of the
saturated screened intervals. The packer tests, however, were
used to provide a field estimate of the bedrock aquifer's
hydraulic conductivity at the time of drilling. The packer
permeability estimates allowed REWAI geologists to better
determine the well construction specifications as each deep
exploratory well was drilled. Section 5.3*4.4.3 discusses the
hydraulic conductivity of saturated unconsolidated and bedrock
materials in greater detail.

5.3.4.4 Groundwater Hydrology

5.3.4.4.1 Water Table Contour Map - Water level and oil
thickness were measured at the Havertown PCP site on March 17,
1988, and again on April 11, 1988. Because of the presence of
oil in some of the wells, a sample of the oil was collected from
well R-2 on April 11, 1988, and analyzed by Wright Lab Services,
Inc. (WLSI) of Middletown, Pennsylvania, for specific gravity.
As shown in Appendix 2, WLSI reports that the specific gravity
for the oil collected from well R-2 was 0.897. Using this
specific gravity and the thickness of oil found in eacwSaltf,Q2r26
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equivalent height'of water was calculated for each well with oil
in it. This equivalent height of water was then subtracted from
the water/air interface elevation to arrive at the hydraulic head
of the water table for each respective well. The following
formula was used to calculate the hydraulic head of the water
table in monitoring wells which contained measurable amounts of
oil in them:

Hydraulic Head « E - [f - (f * 0.897)]

Where:

E «= oil/air interface elevation (feet)
f *= oil thickness (feet)

0.897 = specific gravity of the oil

(Adapted from discussion of hydraulic head in Freeze and Cherry,
1979, Chapter 2.2.)

The hydraulic heads for the water table were then plotted next to
their respective well location and contoured to produce water
table contour maps for each measurement date. An interpretation
of each water table contour map yielded the determination that no
significant differences existed between the two measurement
dates; therefore, only one water table contour map,
March 17, 1988, is included here as Plate 4. An inspection of
this map indicates that the groundwater has a higher horizontal
hydraulic gradient under the NWP and Rittenhouse Circle areas
(0.021 and 0.030 respectively), while a lower hydraulic gradient
exists under the Swiss Farm Market and the PCG building (0.007).
This change in gradient is probably expressed as a change in
permeability of subsurface materials. It folLpw^ fcl>en ̂ hat the
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aquifer is heterogeneous and that anisotropic (preferred flow
direction) conditions exist in the subsurface. At this time, it
is not known how this change in hydraulic gradient affects the
migration of the subsurface oil plume. More information is
necessary to properly address this question.

The flow of groundwater is apparently southeast to east-southeast
across the study area, as indicated by the flow arrows.

5.3.4*4.2 Vertical Groundwater Gradient - An analysis of
the water level elevations in the newly installed cluster wells
was performed to determine if a vertical gradient exists in the
flow of groundwater at the site. Using the March 17, 1988, water
level elevation data, the vertical gradients for each cluster
well series were calculated by dividing the change in water level
elevations by the vertical separation distance between the
respective sand-packed intervals * Appendix 5 provides the
calculation details.

Table 5-10 lists the vertical gradients calculated for each
cluster well series. Overall, the vertical gradients found at
the site were small, ranging from 0.001 to 0.028. Comparing the
vertical gradient to the average horizontal gradient (0.019)
calculated in Section 5.3.4.4.1, the ability of the vertical
potential to modify groundwater flow can be considerable at some
locations, namely wells CW-l, CW-5, and CW-6.

5.3.4.4.3 Hydraulic Conductivity - As discussed in Section
5.3.4.3.1., slug tests were conducted in the newly installed
monitoring wells to provide an estimate of the permeability of
the saturated unconsolidated and bedrock materials.

AR300228
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Table 5-10

Vertical Gradients and Direction of Flow

Respective Vertical
From Well/ Water Levels Separation Vertical Direction
to Well (ft) (ft) Gradient of Flow

CW-1S/CW-1D 299.48/299.03 34 0.013 Downward

CW-2S/CW-2D 299.04/299.00 40 0.001 Downward

CW-3S/CW-3D 292.70/292.78 28 -0.003 'Upward

CW-4S/CW-4D 292.59/292.74 30 -0.005 Upward

CW-5S/CW-5D 292.58/292.31 28 0.01 Downward

CW-6S/CW-6D 285*46/286.20 26 -0.028 Upward

AR3Q0229
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Tables 5-11A and B provide a list of the average hydraulic
conductivities calculated from all of the slug tests in each of
the wells for the saturated unconsolidated and bedrock wells. On
Table 5-11A, it is shown that the unconsolidated aquifer has a
hydraulic conductivity range from 1 gpd/ft2 to 103 gpd/ft2,
while on Table 5-11B, the bedrock aquifer ranges between 6
gpd/ft2 and 182 gpd/ft2. Although the permeability ranges are
similar, the three-dimensional distribution of the hydraulic
conductivity data are of greater importance.

As previously shown on the water table contour map, Plate 4, the
general flow of groundwater is towards the east, or in an
east-southeast direction. However, this description refers only
to the horizontal plane. To gain a better understanding of
groundwater flow dynamics and direction, the vertical component
must also be considered. Although the magnitude of variation of
groundwater vertical gradients overall was not shown to be large
(Section 5.3.4.4.2), it is believed that groundwater flow
directions are significantly modified by these variations in
vertical gradient. The variations in the vertical gradient of
groundwater are believed to be the result of changes in the
permeability (hydraulic conductivity) of aquifer materials. The
effect that the variation of hydraulic conductivity has on the
groundwater contaminant flow will be addressed in Section 5.3.6,
Affected Area.

To obtain a better perspective of the spatial variance of
permeability of the aquifer materials, the hydraulic conductivity
values from Table 5-11 have been plotted next to their
respective wells on the geologic fence diagram, Plate 3. From
the data presented on the fence diagram, it appears that a trend
exists in the permeability of the unconsolidated a

irn@o wires]
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Table 5-11A

Saturated Unconsolidated Materials Slug Test Results
Average Calculated Hydraulic Conductivities

Hydraulic Conductivity
Monitoring Well ______(gpd/ft2)_____

CW-1S 48

CW-1I 103

CW-2S *

CW-2I 72

CW-3S 8

CW-3I 27

CW-4S 8

CW-5S *

CW-6S 1

* Test results did not meet analysis validity requirement of
instantaneous water level change.

AR3Q023



5-82
T03598-6021

Table 5-11B

Bedrock Slug Test Results
Average Calculated Hydraulic Conductivities

Hydraulic Conductivity
Monitoring Well (gpd/ft2)_____

CW-1D 56

CW-2D 70

CW-3D 9

CW-4I 6

CW-4D 139

CW-5I *

CW-5D 182

CW-6I 7

CW-6D 6

* Test results did not meet analysis validity requirement of
instantaneous water level change.

AR300232
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aquifer materials. Beneath NWP, the saturated unconsolidated
materials tend to have a moderate to moderately high hydraulic
conductivity (48 - 103 gpd/ft2), while under PCG the saturated
unconsolidated aquifer materials become less permeable, with
hydraulic conductivities being moderately low (1*4 - 27 gpd/ft2).
This trend is different in the bedrock aquifer, where the
materials under NWP and under the southern portion of PCG
property are of moderately high to high permeability
(56 - 182 gpd/ft2), while along the northern portion of PCG
property, the bedrock hydraulic conductivity becomes moderately
low (6-9 gpd/ft2). From this information, along with an
understanding of the vertical gradients at the site, it appears
that a significant change in hydraulic conductivity exists in
the subsurface between NWP and PCG.

Accordingly, the groundwater flow is believed to be modified by
these characteristics, such that the groundwater flows slightly
downward in the unconsolidated materials under NWP and into the
bedrock in the vicinity of Eagle Road. From there, the
groundwater in the bedrock is believed to continue its slightly
downward flow until reaching an area under PCG property, where it
begins to rise. This pattern is shown on the geologic cross
section, Plate 2, by the equipotential lines and generalized
groundwater flow lines*

The equipotential lines represent lines of equal hydraulic head
potential, in feet above mean sea level. These were established
by placing the hydraulic head potential at each of the cluster
wells near the approximate center of the saturated well screen
interval in each well. Using the cluster wells in this manner
enabled a determination of the groundwater flow in -the vertical
dimension to be made by contouring between the hydraulic head

" " AH300233
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values. The generalized groundwater flow directions were then
estimated by inferring lines perpendicular to the equipotential
lines from areas of higher hydraulic head toward areas of lower
hydraulic head. The generalized groundwater flow directions were
then adjusted as discussed in Section 5.1 of Freeze and Cherry
(1979) for refraction caused by flow through formations of
differing hydraulic conductivity as shown previously on Plate 2.

5.3.4.4.4 Calculation of Groundwater Velocity - Based upon
the water table contour map, Plate 4, and the results of aquifer
tests, the average groundwater velocity can be calculated. Valid
slug test results from the newly installed monitoring wells were
used to estimate hydraulic conductivity and to calculate the
average groundwater velocity, as these wells are most
representative of the properties of the saprolite water-bearing
zone in the study area.

Like many geological variables, the hydraulic conductivity data
do not follow a normal distribution; rather, they exhibit a
pronouncely skewed distribution. Therefore, to counter the
effects that the relatively few number of large values of
hydraulic conductivity would have on the mean, the geometric mean
of the data was employed to normalize the values.

Calculating the geometric mean for the valid slug test hydraulic
conductivity (K) values results in a value of 22 gpd/ft2. This
value is converted to ft/day by dividing by 7.48 yielding
2.94 ft/day as the geometric mean of hydraulic conductivity.
Horizontal hydraulic gradients (I) were calculated using the
water table contour map dated March 17, 1988 (Plate 4) by
dividing the change in hydraulic head by the effective distance
(dh/L or 0.019). This date was chosen as both static
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measurement dates were taken during the same season. Although
.field measurements of porosity (n) were not performed, an
estimate of 21 percent for the fine sand (saprolite) has been
determined from representative values of effective porosity,
included here as Table 5-12, and the general textural properties
of the unconsolidated deposits examined during the drilling
program.

The average groundwater velocity may then be calculated by
inserting the aforementioned components into the following
formula:

Where:

V » estimated average groundwater flow velocity, ft/day
K = geometric mean of hydraulic conductivity, ft/day
I « average hydraulic gradient, dimensionless
He «• assumed effective porosity value (%)

Solving the equation yields an average groundwater velocity (V)
of 0.27 ft/ day. It is important to point out that this velocity
is an estimated average velocity and is representative only for a
nonreactive solute under ideal conditions. This value would
not be applicable to the movement of the oil fraction which
differs from water in its density and viscosity, confining it to
the water table surface. However, the value is helpful in
providing an indication as to the rate of movement of the
contaminants dissolved in groundwater.

AR300235
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Table 5-12

Representative Values of Porosity
(After Morris and Johnson, 1967, reference of total porosity,
and PettyJohn et al, 1982, estimate of effective porosity)

Total Effective
Porosity Porosity

Material Percent Percent

Gravel, coarse 28* 22

Gravel, medium 32* 23

Gravel, fine 34* 25

Sand, coarse 39 27

Sand, medium 39 26

Sand, fine 43 21

Silt 46 8

* Values are for repacked samples; all others are
undisturbed.

AR3GQ236
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5.3.4.4.5 Calculation of Groundwater Discharge - In order
to determine the approximate quantity of groundwater leaving the
present area of investigation, a calculation based upon Darcy's
Law was performed which estimates the discharge, in gallons per
Say (gpd), of groundwater from a given cross-sectional area of
the aquifer. The location chosen for the trace of the cross-
sectional area began at the sanitary sewer manhole situated
approximately 145 feet east of the series CW-3 monitoring wells
(refer to base maps, Plate 1) and extends southeastward roughly
325 feet to monitoring well HAV-06. This location provides
representative estimates of groundwater exiting the present study
area perpendicular to the groundwater flow direction.

Q - KIA (Darcy's Law)

Where:

Q = The discharge through the cross-sectional area of the
aquifer per unit time and expressed as ft/day.

K » The hydraulic conductivity of the aquifer materials
expressed as ft/day.

I = The change in hydraulic head in the aquifer across the
site, in this case, parallel to groundwater flow. This
is known as the hydraulic gradient and is expressed
dimensionless.

A = The cross-sectional area of the site through which the
groundwater is flowing. The orientation was established
perpendicular to groundwater flow. The length of the
cross-sectional area has been estimated at 325 feet,

AR300237
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while based upon chemical data and allowing some margin
of error, a saturated thickness of 100 feet has been used
in the calculation.

The equation assumes:

o The aquifer materials are homogeneous and isotropic.

o The viscosity is constant and equals that of water.

o The groundwater is flowing at very slow velocities so as
to avoid non-laminar flow conditions.

Inserting the results of calculations from previous sections, the
equation becomes:

Q = (2.94 ft/day)(0.019)(325 ft * 100 ft),
Q = 1815 ft3/day, or
Q = 13,580 gpd

Therefore, the anticipated volume of groundwater estimated to
pass through the given cross-section of the aquifer would be
approximately 13,600 gpd. It is important to realize that this
value is based upon assumptions which may be questionable or even
invalid; thus, discretion should be used when utilizing this
calculated value.

5.3.5 Groundwater Sampling Results

Groundwater samples from both sampling rounds were analyzed for
the complete Hazardous Substance List, cyanide, oil and grease,
and dioxin/dibenzofuran parameters. The
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performed in accordance with the contract required QA/QC
procedures delineated in the SOP for the Havertown PCP site*
Sampling procedures have been previously addressed in
Section 5.3.3, "Groundwater Sampling Procedures," which also
states that the original data and QA/QC have been transferred to
DER for filing and storage owing to the voluminous nature of the
data. Chemical result spread sheets have been provided as tables
and in Appendix 2 of this report to summarize the results and
ease the readers review of data.

5.3.5.1 Round #1 Preliminary Sampling Round

5.3.5.1.1 Metals - Groundwater samples from 10 selected
existing monitoring wells were analyzed for dissolved metals.
Significant quantities of iron, manganese, magnesium, calcium,
sodium and potassium were present in the water. Heavy metals,
including arsenic, chromium, copper, cobalt, and zinc, were also
identified in some of the wells sampled. Arsenic was found in
three groundwater samples NW-6-81, R-2, and R-2 Dup, at
concentrations of 7.9, 4.1, and 7.4 ug/1 respectively. Chromium
was detected at a concentration of 161 ug/1 at only one location,
NW-3-81. Zinc was found at concentrations ranging from 18 ug/1
at HAV-07 to 581 ug/1 at HAV-08. Cobalt ranged from 13 ug/1 at
R-4 to 539 ug/1 at NW-2-81. Copper was detected at 2.9 ug/1 at
NW-1-81 and 14 ug/1 in R-2 Dup. Table 5-13 contains the results
of Round #1 metals analysis.

5.3.5.1.2 Volatile Organic Aromatics - Groundwater analysis
for VOAs was completed on water samples from the 10 selected
existing monitoring wells. The results of this analysis, shown

AR300239
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on Table 5-14, indicate the presence of ten (10) chemicals
usually associated with solvent and gasoline/fuel oil
contamination, namely benzene; 1,2-dichloroethane; 1,2-dichloro-
propane? ethylbenzene; toluene; trans-l,2-dichloroethene; 1,1,1-
trichloroethane; trichloroethene; vinyl chloride; and xylene. In
addition, two contaminants, methylene chloride and acetone, were
also found; however, these are common laboratory contaminants.
Accordingly, it is helpful to consider the possibility that the
former service station at Young's Produce, the automotive repair
shops west of the site, and/or the operations of NWP may have
contributed to this contamination in addition to the PCP-laden
fuel oil plume.

To examine the areal distribution of these chemicals, a total
value for the VOA concentration was calculated for each well by
summing the results of VOAs identified above the detection
limits. The total VOA results ranged from 1.3 to 3,227 ug/1.
The purpose for examining the total VOA concentrations is that it
allows for easy characterization of the general VOA distribution
on the site, without the need to review individual species.
Figure 5-12 presents the total VOAs, in ug/1, for the groundwater
samples taken during the preliminary sampling round.

The map contains a number of important features. First, a
significantly elevated level of total VOAs was found to be
present in the groundwater between NWP and PCG, with respect to
the other wells sampled. Because groundwater flows
east-southeast across the site, the contamination present in the
wells sampled along the western portion of the site may indicate
additional contaminant sources other than the fuel oil. On the
eastern portion of the study area, the total VOAs are lower;
however, it is apparent that the contamination extends
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existing monitoring well network (well HAV-07). As shown on
Figure 5-12, the area around the PCG property lacked monitoring
points to further define the extent of contamination. For this
reason, four of the six cluster well sites were drilled on the
PCG property so as to better establish the extent of groundwater
contamination.

For two reasons, the data presented on the total VOA map were not
contoured. First, it is believed that the total VOA values
presented on the map may vary significantly as a result of the
variety of sampling methods employed during the preliminary
(Round #1) groundwater sampling round. Second, because geology
in the vicinity of some of the existing wells is either uncertain
or unknown, it is unclear whether or not the groundwater samples
obtained were composite water-bearing zone samples or not.
Therefore, because either or both of these points would alter any
delineation of a contaminant plume, an interpretation is made in
Section 2.3.5.2 using Hound #2 groundwater chemistry data from
both the existing and new monitoring wells.

5.3.5.1.3 Base Keutrals/Acid Extractables - Groundwater
samples from the 10 selected existing monitoring wells were
analyzed for base neutral and acid extractable (BNA) compounds.
The results of this analysis, shown in Table 5-15, indicate
substantial groundwater contamination by BNA compounds. The most
elevated BNA compounds identified in these samples are,
naphthalene, phenanthrene, 2-methylnaphthalene, and pentachloro-
phenol .
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A total BNA map was produced in the same fashion as the VOA map
described in the previous section, and is presented here as
Figure 5-13.

The pattern of total BNA contamination in groundwater appears to
be similar to that for total VOA contamination. The groundwater
between NWP and PCG has significantly higher total BNA
concentrations than other wells sampled. The BNA compounds are
likewise not controlled and extend outside of the monitoring well
network. The moderately elevated BNA concentrations along the
northern part of NWP also indicate that the extent of BNA
contamination cannot be entirely determined by the present
monitoring network, although it appears to extend beyond the NWP
property in this direction. The PCG property also lacked the
monitoring wells to delineate the dissolved contaminant plume
further. In addition, the lower BNA value in HAV-07, with
respect to well HAV-08, downgradient of the storm sewer may be
the result of well placement rather than reflective of any
influence of the storm sewer on the contaminated groundwater
flow. This topic is addressed in later sections. For reasons
presented in the previous section, the total BNA data were not
contoured.

5.3.5.1.4 Pesticides/PCBs - Pesticide and polychlorinated
biphenyl analyses were performed on water samples taken
from the 10 selected existing monitoring wells during the
preliminary sampling round. The results, shown in Table 5-16,
indicate that PCBs were not detected in any of the groundwater
samples taken. Three pesticides, aldrin, beta-BHC, and dieldrin,
were detected in five of the 10 wells sampled. Two of the wells,
R-2 and HAV-02, had pesticide concentrations significantly higher

"AR30025I
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than other wells. Figure 5-14 depicts the total pesticide
concentration in the 10 selected monitoring wells during the
preliminary sampling round. A contour map was not produced for
reasons stated previously*

5.3.5.1.5 Cyanide and Oil and Grease - Cyanide and oil and
grease analyses were performed on groundwater samples from the
preliminary sampling round. The results of the cyanide analysis
are also provided in Table 5-16. The cyanide levels were below
the 10 ug/1 detection limit in all of the samples except for the
duplicate sample taken at well R-2. At R-2, the duplicate sample
contained cyanide at a concentration of 14 ug/1. It is uncertain
why this occurred.

The oil and grease results are also presented in Table 5-16. A
plot of the results is shown on Figure 5-15. Of the five samples
in which oil & grease were detected, concentrations are again
highest in groundwater between NWP and PCG. Owing to the limited
data and the reasons previously mentioned, the data for cyanide
and oil and grease were not contoured.

5.3.5.1.6 Dioxins and Dibenzofurans - Groundwater samples
from nine existing monitoring wells and one oil sample from R-2
were analyzed for dioxin and chlorinated dibenzofuran isomers by
California Analytical Lab, under the direction of the EPA. Two
groundwater samples, HAV-07 and NW-1-81, were broken in transit
to the analytical lab and could not be analyzed.

The primary isomers of dioxin found in groundwater samples were
octa-, hepta-, and some hexa-, chlorinated dibenzo-p-dioxin.
Only one well, NW-2-81, had the tetra-dioxin group identified at
a concentration of 0.11 parts per triatjbten n(ftS£$. The 2,3,7,8H r* w u u c."v w
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isomer was below the detection limit at this site. It was
observed from the results of this analysis, Table 5-17, that
wells with oil in them contained greater amounts of the
hexa-dioxin isomers, well HAV-02 in particular. Further
comparison of the results from HAV-02 and that of the oil sample
indicate that it is likely that the groundwater sample taken at
HAV-02 contained substantial amounts of emulsified oil. It is
believed that the groundwater sample at HAV-02 contained
suspended amounts of oil because the sampling method was bailing.
To ensure that this would not recur in the following sampling
round (round #2), a more uniform and consistent sampling
procedure was employed using peristaltic pumps and Well Wizards.

The total concentrations of dioxin isomers were plotted on
Figure 5-16. Eliminating the value at HAV-02 because of oil
contamination in the sample, the highest dioxin concentration was
found at well R-2 (1844.94 ppt). Well NW-2-81 also contained a
substantially higher amount of total dioxin isomers (696.71 ppt)
than other sampled wells. Because of the variety of sampling
methods which were necessary during the preliminary sampling
round, some variation in analytical results is anticipated.
However, no quantification of this variance is possible.

The majority of the dibenzofuran isomers were identified in the
groundwater samples taken during the preliminary sampling round.
No sample results were obtained again on wells HAV-07 and NW-1-81
because the bottles were broken in transit. Table 5-18 contains
the results of this analysis. Wells with oil in them, R-2 and
HAV-02, contained the greatest amounts of dibenzofurans. NW-2-81
also had relatively high values; however, no product was observed

88300258
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in this well. Well NW-2-81 was also the only well in which the
tetrafuran group was identified, at a concentration of 0.11 ppt.

Figure 5-17 depicts the total dibenzofuran results. Eliminating
the results of HAV-02, the total dibenzofurans were highest at
well R-2. The results of well HAV-02 were ignored because it is
believed that the sampling method introduced oil into the sample.
Like the previously mentioned total dioxin concentrations, well
NW-2-81 also contained a relatively high value for total
dibenzofurans .

5.3.5.2.1 Metals - Groundwater samples from 10 selected
existing and 18 newly installed monitoring wells were analyzed
for dissolved metals. The results of this analysis, shown on
Table 5-19 , indicate that groundwater contains relatively high
dissolved concentrations of calcium, sodium, magnesium, iron,
manganese, and potassium. Lower concentrations of arsenic,
cadmium, chromium, copper, lead, and zinc were also found.

The most frequently identified dissolved metal of interest was
zinc, with reported values ranging from 8.1 ug/1 (CW-1S) to
253 ug/1 (R-2). Chromium was reported in two wells, NW-3-81 and
HAV-02, at concentrations of 124 ug/1 and 6.3 ug/1 respectively.
Cadmium was found in two wells, CW-3I and CW-6I, at a level of
5.6 ug/1 in each well. Copper was not found above the detection
limits. Arsenic was identified in nine monitoring wells, ranging
in concentration from 2.2 ug/1 to 23 ug/1. Lead was present in
three wells, CW-5I, CW-5D, and HAV-05, at concentrations of 5.7,
8.5 and 3.3 ug/1 respectively. Other dissolved metals were also

WDTKSI
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identified in the groundwater including barium, beryllium,
mercury, and selenium.

Figure 5-18 depicts the distribution of total selected metals in
the groundwater. Arsenic, cadmium, chromium, copper, lead, and
zinc were selected as the metals of concern based upon their
health risks and/or their association with NWP operations. From
the data presented, it does not appear that any correlation
exists between monitoring wells with oil in them, such as R-2 and
HAV-02, and elevated concentrations of dissolved metals, when
compared to wells containing no oil.

5.3.5.2.2 Volatile Organic Aromatics - Groundwater samples
were obtained from 10 selected existing monitoring wells and the
18 newly installed monitoring wells for VOA analysis. The VOAs
identified in the groundwater, as shown in Table 5-20, are
consistent with those usually associated with solvent and
gasoline/fuel oil contamination. The primary chemicals found in
the groundwater sampling include benzene, ethylbenzene,
trichloroethene, vinyl chloride, total xylenes, and 1,2-
dichloroethene (total)„ Lower concentrations of 1,2-dichloro-
ethane, methylene chloride, toluene, 1,1,2-trichloroethane,
acetone, and 1,1-dichloroethene were also found.

A total VOA map was produced by summing the VOA results of each
sampling point. Figure 5-19 depicts the results. Upon reviewing
the map, an increasing VOA concentration with depth trend is
apparent at CW-1, CW-5, and CW-6 series wells. In addition, a
decreasing VOA concentration with depth trend is present at the
CW-2 series wells. The wells of the CW-3 series indicate that
the saprolite units are significantly higher in VOA contamination
than the bedrock, .while the CW-4 series wells show fad S^
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^ e-§ I 8*5 =5 .Ŝ ^̂ ĴS « gjM-g SWJ!WT*S i e i£*E.Si— - —. - - ^.. csi — .CM w-c 5 «- ,> — M— — «.-• B M *K «j S* - » •— — I- j; «j • *j o " - »- — . fc. *- S t— — • — — u uj te <_i )E — »— ̂«.-. »-:>Mixi.«<M



u
•H

a s
r-4

Q 5cS >

V
r-4

i

5-124

1 3 2s * 2 !!

M «•» ,

S" -*WW^-«':B>v>^«'^-B>^^^^Wvlvl^f>-*d3d»'*rf*£*4j4vf<• e SP ̂ S (•9ssSS@S@ s S s6s*~99^fiS€SS55JKCM i* ™ S • aS ̂  BE S S S S a S m S m • B (£ m ™ ̂ » » ̂ «o BD i

3 !

"̂ . "B "© *" "fcZ.SSJ?S*7* «5"T i -̂  »•." ^— VM.M-* — >— ̂ *—iy>*<-j<-5osi-«r&»« —
» »»»»»»»3»»9=>-»»»»»

i r̂ . -̂ o*
f¥.^SfMCMCM CMCMCMOM
f^i

fy



5-125

t 0> 01 » 01

• 000

* °* -» --«

g

£
"i *

— •••*̂ - 4? ** ••
" -

S B J S 5 C 5 5 S ' ' t ~ i »- * o .£• - »; 3 - i « j » f c f e £ : - 5 s ^ « » j * . * > te S •£: « .S _ —, S—CM — CM wf 55-s — — **•— — •—— «= *• *. «j * w±f e — CM
££3£S£££---- «£££*-£•£--£":£ ̂ K^cMSr^Sft-

"" .«:



5-126

01 pi 0i 0i 0t 0» S 0\ at et 01 01 o>> a> 0i 0> o> 01

ir _i —J CM

-0\0\0\0^0\0\0t0\^^0^0\^^^0N^0'o^^0^0\0\0;0^^0\0;0\''&'0>'^'0>0i

3
! a*;

i «*» —i —

&t 01 0> BI 01 0> 01

O CM ©
*o o
O J O

a a a a a a a a a s&i 0101 0>^t0I9BI^010lS<^0^ C?> 0) 01 01 » O> gl

ĝ
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uniform, moderately high VOA contamination throughout the
unconsolidated and bedrock aquifers* It is believed that the
vertical gradients found at these wells may influence the
distribution of contaminants; however, further sampling and water
level measurements would be necessary to substantiate this.

There does not appear to be any correlation between the presence
of oil in a well and elevated VOA levels, as no trace of oil has
been found in wells CW-1I and D; CW-3S and I; CW-4S, I, and D;
CW-5S, I, and D; or HAV-05, which have substantially elevated VOA
levels. Therefore, sources of VOAs other than the immiscible oil
layer are believed to cause increased VOA concentrations in some
of the wells. For example, the CW-1 series wells west of NWP are
believed to be upgradient of the site, yet their total VOA levels
are among the highest measured during this sampling round.
Accordingly, it is reasonable that some (unknown) portion of the
VOA contamination shown in these wells may be attributed to
sources located further upgradient. Based upon the VOA
distribution in groundwater around the CW-3 and CW-5 wells, it
appears that these are near a source for VOAs.

The elevated levels of VOAs at wells HAV-05, CW-1, CW-3, and CW-5
series also suggest that the dissolved VOA contamination in the
groundwater extends beyond the present monitoring well network.

5.3.5.2.3 Base Neutral/Acid Extractables - Groundwater
samples were obtained for base neutral and acid extractable (BNA)
analysis from 10 selected existing and 18 newly installed

AR300279
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monitoring wells. As shown on Table 5-21, relatively few BNA
compounds were found in the groundwater samples. The chemicals
found in the highest concentrations and with the most regularity
were pentachlorophenol (PCP), naphthalene, 2-methylnaphthalene,
and phenanthrene, with lower amounts of approximately 15 other
BNA compounds*

To assess the distribution of BNAs in groundwater, a total BNA
map, Figure 5-20, was produced by summing the concentrations of
BNA species above the detection limits for each sampling
location. As shown by the map, the groundwater at the site
contains substantial quantities of BNA compounds. At monitoring
well series CW-1, the concentration of BNAs appears to decrease
with depth, as does series CW-2. However, on the PCG property,
monitoring well series CW-3, 5, and 6 exhibit the reverse trend
where total BNA concentration increases with depth. The presence
of elevated concentrations of total BNAs at monitoring wells
HAV-05, HAV-08, and series CW-6 indicates that BNA contaminants
extend beyond the present monitoring well network. Figure 5-20
also shows that the groundwater in the bedrock is almost as
contaminated with dissolved BNAs as the groundwater in the
saprolite units.

The most frequently occurring BNA species was PCP, which ranged
in concentration from below the detection limit to 4100 ug/1
during this sampling round. A complete discussion on the
presence of PCP in the groundwater and its relationship to the
groundwater plume is discussed further in Section 5.3.6.2.

5.3.5.2.4 ££M£i£i<|es/PCBs " Groundwater from the
10 selected existing and 18 newly installed monitoring wells was
analyzed for pesticides and polychlorinated
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9 2 - S 3

c — — « «.

h g S !! jojj)o
jj • MJ" ' .

5 ___-._______-——— ——— ___ ——— ——.———___———_________———___——— ,___^.___—— . ——— ———___——.——— ""^
•**. ̂ * '̂  »̂ *̂ - ̂  ^ *•- "*• ̂- **»"»« "̂  **• "*> *̂ . "*• **» *̂ - *»» ̂ <i "̂  ̂ >* *»• "̂  ̂ - "̂  ̂  1* <

§

m SI*O — • tt

s; § 2 s - ::S a g , : :

I

g *«Ss35'5>'5» "& *" ' ^

C ! ••£•&
^ ! S e?,



I
s&

*D

5-134

*" "§ ;j s S s s S S S 5j 9 S ™" s s 5 5 S s S K S K 5 }c s s s 5?

s

^

~ jj 3 2 I il
7
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The results of these analyses, shown on Table 5-22, indicate that
no PCBs were found in the groundwater above procedural detection
limits. In addition, pesticides were only detected in three
wells, NW-3-81, R-4, and CW-2D. Well NW-3-81 contained 0.33 ug/1
of gamma-BHC, while CW-2D contained 0.73 ug/1 of gamma- and
delta-BHC. A duplicate sample taken from CW-2D had no pesticides
above detection limits. Well R-4 contained 0.22 ug/1 of
dieldrin. The remaining monitoring well samples did not have
pesticide concentrations above detection limits.

5.3.5.2.5 Cyanide and Oil and Grease - Cyanide and oil and
grease analyses were performed on groundwater samples taken from
the 10 selected existing and 18 newly installed monitoring wells.
The results of these analyses are presented in Table 5-22.

Cyanide was only detected in one of the sampled wells, CW-5D, at
a concentration of 27 ug/1. There is no indication of the source
of cyanide in this bedrock monitoring well.

Oil and grease (O & G) results are also shown on Table 5-22, and
reveal that 12 of the 28 wells sampled contained concentrations
greater than the detection limits. Well NW-1-81 had the highest
O fc G value, 12 mg/1, although it contained no noticeable
floating oil. Wells with floating oil in them, R-2 and HAV-02,
were found to have O & G levels (BDL and 5.4 mg/1 respectively)
lower than well NW-1-81. Wells of the CW-2 series show a minor
decrease in O & G levels with depth. This trend is apparently
localized since the CW-3, CW-4, CW-5, and CW-6 series wells show
a slight increase in O & G concentration with depth.
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The O & G data from Table 5-22 are presented in Figure 5-21 to
depict the distribution of O & G. A minor trend toward
O & G concentrations increasing in the bedrock, while decreasing
in the saprolite units, is shown as one moves from west to east
downgradient across the site.

5.3.5.2.6 Dioxins and Dibenzofurans - Groundwater samples
from sampling round #2 were analyzed for dioxin and chlorinated
dibenzofuran isomers by CompuChem7s sister laboratory, ChemWest.
The results of this analysis are shown on Tables 5-23 and 5-24.
The primary dioxin isomers identified in the groundwater samples
were hepta-, 1234678-hepta-, and octa-chlorinated dibenzo-p-
dioxin species.

To batter evaluate the spatial relationship of the data, the
dioxin isomer groups identified were summed and plotted on
Figure 5-22 in parts per trillion (ppt). The anticipated
upgradient cluster well series CW-1, shows that dioxin was found
in a relatively small amount (1.6 ppt) in only the shallow
monitoring well (CW-1S). The presence of dioxin in only the
shallow well may be the result of vertical migration, or
leaching, of dioxin from potentially contaminated surface soils.
This may also be the case for the existing well NW-3-81
(2.4 ppt). The highest concentration of dioxin found in this
sampling round was at the existing well NW-1-81 (5331 ppt).
Judging from the wells sampled around NW-1-81, it would appear
that the dioxin is most concentrated near this well. The reason
for the dioxin concentration at NW-1-81 is undetermined, as the
well does not contain the free-floating contaminated oil in it as
do wells R-2 and HAV-02. Therefore, it would seem that
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groundwater derived from wells with contaminated oil in them do
not necessarily have the highest dissolved dioxin concentrations.

Dioxin data from the newly installed monitoring wells indicated
that dioxin was not detected in the bedrock wells at these
locations. Based upon the data at this time, the dioxin
contamination appears to be present only in the shallow and some
intermediate-depth cluster wells, which are geologically situated
in the saprolite units. From this sampling round (round #2) and
the preliminary sampling round (round #1) data, an estimation of
the groundwater contaminated by dioxin has been made. The shaded
area of Figure 5-23 represents the estimated shallow groundwater
area affected by contamination from dioxin. Note that the
contamination appears to extend beyond the present monitoring
well network. For example, relatively elevated quantities of
dioxin exist in the groundwater at NW-1-81* Additionally, wells
HAV-05, HAV-07, and HAV-10 indicate that dioxin contamination in
the groundwater extends downgradient of the storm sewer and past
the present monitoring well network.

It was originally believed that the presence of dioxin in the
groundwater samples was the result of dioxin adhering to fine
sediments in the water samples which were analyzed. As dioxin
has a very low solubility, this would seem to account for its
presence in the water. However, this does not appear to be the
case as no correlation between dioxin concentration and observed
turbidity could be found. Therefore, the dioxin detected by the
analysis appears to be the result of small amounts of dissolved
oil which may be present in the water samples, which went
undetected because of the detection levels of the other analytes.

AR3G03.J I
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Dibenzofuran isomers were identified in the groundwater samples
from round #2 and consisted primarily of octa-, hepta-, and some
amounts of hexa-chlorinated dibenzofurans. Figure 5-24 depicts
the distribution of total dibenzofuran isomers in the groundwater
samples from round #2. Levels of total dibenzofuran were
elevated in wells R-2 and HAV-02 (22.6 and 69.6 ppt,
respectively), with a significant level of dibenzofuran present
in NW-1-81 (4184 ppt). This pattern is similar to the total
dioxin concentrations discussed previously. Small amounts of
dibenzofuran were identified in NW-2-81 (9.8 ppt) and in CW-5S
(2.33 ppt). With the exception of one location, NW-1-81, and
possibly at HAV-10 (not sampled), it would appear that the
presence of dibenzofuran is within the confines of the present
monitoring well network. Although not certain, it would appear
that the dibenzofurans are present in the saprolite units as are
the dioxins. The presence of dioxin and dibenzofuran isomers was
not identified in known bedrock monitoring wells.

No correlation appears to exist between the presence of oil in a
well and high dibenzofuran levels. Likewise, no correlation
exists between observed turbidity and dibenzofuran contamination.

5.3.6 Affected Area

5.3.6.1 Immiscible Hydrocarbon Plume - Beginning as early as
1953 with the initial reports of pollution in Naylors Run, the
focus of contamination at the Havertown PCP site has been on a
subsurface oil plume. Using measurements of oil thicknesses in
their wells, previous investigators constructed an oil thickness
map for the Havertown PCP site. The oil plume was identified as
having an elliptical shape whose major axis was parallel to the
easterly groundwater flow direction. By estimating J?DPffi
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(15 to 25 percent) and calculating an approximate area
(4.5 acres), the volume of oil in the subsurface was projected to
range between 350,000 to 600,000 gallons.

Since these initial investigations at the Havertown PCP site, new
methods of using oil thickness measurements in monitoring wells
to estimate the quantity of oil on the water table surface have
been developed. According to Blake and Hall (1984), the
thickness of oil which is measured in a monitoring well does not
represent the amount of oil present in the surrounding aquifer.
Rather, the measured oil thickness in the monitoring well will be
substantially greater than the actual oil thickness in the
formation.

In unconsolidated water table aquifers, the well thickness error
can be explained by the method of oil migration in the aquifer.
Because of the difference in the specific gravities and the
interfacial forces between the two immiscible fluids (oil and
water), the oil will eventually position itself along the upper
contact of the capillary fringe. When a monitoring well enters
the groundwater table, the capillary fringe, formed by the
molecular attraction between soil particles and water, is
removed. The water surface which then forms, and is measured, in
a monitoring well is the level in the soil where the water
(fluid) pressure equals atmospheric pressure (i.e. the water
table). Therefore, when the oil positions itself on top of the
capillary fringe, it attains a more elevated position in the
formation, with respect to the water level in the monitoring well
and will enter the well until the thickness of oil in the well
creates pressure great enough to overcome the entry pressure of
the oil. In addition, the oil will depress the water surface in

AB.3QQ3I5
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the well until the buoyant force counters the weight of the
hydrocarbon, as shown by Figure 5-25.

Based on experiments by Blake and Hall (1984), an estimate of the
true oil thickness on the aquifer may be obtained by measuring
the apparent thickness of oil in the well (AT) and subtracting
from it the calculated thickness of oil in the well below the
water table and the height of the capillary fringe.

This procedure was used to estimate the oil thickness on the
aquifer in the vicinity of monitoring well R-2. From REWAI's
water and oil level measurements taken on March 17, 1988, the
elevations for the oil/air interface and the oil/water interface
were determined. Using the specific gravity of the oil, the
corrected water table elevation was calculated as described in
Section 5.3.4.4.1. Referring to Figure 5-26, the apparent
thickness of oil in the well (AT) was calculated by determining
the difference between the elevations of the oil/air interface
and the oil/water interface (4.1 feet). The thickness of oil
below the corrected water table (Twt) was then determined
(3.68 feet) and subtracted from the AT yielding the thickness of
the capillary fringe plus the mobile and immobile oil
(0.42 feet) . In order to provide an estimate of the oil
thickness present on the aquifer in the vicinity of R-2, a
capillary fringe thickness was estimated based on fine sand soil
texture from Fetter, 1980 (0.25 feet). Subtracting the estimated
capillary fringe height (0.25 feet) from the capillary fringe
plus the mobile and immobile oil thickness (0.42 feet) yields an
estimate of the oil present on the aquifer at R-2 of 0.17 feet or
2 inches. It must be stressed that this result is only an

AR30Q3I6
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approximation. Without knowing the height of the capillary
fringe, a refined estimate of oil thickness cannot be made.

It is important to note that the measured thickness of oil in a
well at the Havertown PCP site does not in itself reflect the
extent of oil contamination on the water table. Therefore, by
correcting for the actual thickness of oil in the aquifer, it is
clear that the potential for free-floating immiscible oil which
may be present in the subsurface is significantly less than the
350,000- to 600,000-gallon estimate from previous investigations.

To demonstrate this, the amount of free-floating immiscible oil
has been estimated using Figure 5-27, which is a plot of the
estimated boundary of the immiscible hydrocarbon plume and
calculated aquifer oil thicknesses at spot locations. The
affected area in this figure has been estimated to be
approximately 45,000 square feet, or about 1.03 acres. If an
average oil thickness of 0.083 feet (1 inch) is assumed to be
present over the affected area, and an estimated porosity of
21 percent, previously presented in Table 5-12, the estimated
amount of free-floating immiscible oil would be approximately
6,000 gallons. Because the highly irregular capillary fringe
would tend to alter the thickness of the oil plume significantly,
making an "average" value difficult to arrive at, the reliability
of the 6,000-gallon estimate is undetermined. However, this
assessment clearly indicates that substantially less
free-floating immiscible oil is present at Havertown than
previously believed.

As no determination of the amount of oil which has adhered to the
soil grains within the zone of water table fluctuation has been
made, no estimate of the oil immobilized in this ar<
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made. The amount could be considerable based upon past REWAI
experience and should be addressed during site remediation
planning.

5.3.6.2 £A£S£ived_Hxdrocarbon_jPl^ume - As described in
Section 5.3.5, water-soluble chemical contaminants have been
identified in the groundwater at the Havertown PCP site. The
contaminants apparently originate from sources of gasoline/fuel
oil and solvents/degreasers.

A review of the gasoline/fuel oil component concentrations in the
groundwater indicates that the most probable contaminant source
is from the subsurface waste fuel oil residing on the surface of
the water table. Since the fuel oil was originally used at NWP
prior to its disposal, the presence of pentachlorophenol (PCP) in
the oil, as a preservative, would allow it to be used to trace
the extent of groundwater contamination from dissolved chemicals.
The use of PCP as a positive indicator of the dissolved
contaminant plume, however, would yield a conservative depiction
of the affected area because of, among others, the relatively low
solubility of PCP in water (14 mg/1) and the relatively high PCP
detection limit (50 ug/1), compared to other compounds reported.

Figure 5-28 depicts the dissolved PCP concentration in the
groundwater in the saprolite units. As shown by the figure, 500
and 2000 ug/1 PCP concentration lines were drawn to provide a
rough approximation of the shape of the dissolved plume. It
appears that the higher concentrations of dissolved PCP in the
saprolite units occur between the NWP and PCG buildings and that
the concentration of this species apparently rapidly decreases
laterally with distance from this area. It is important to note
that the reported concentration of PCP at well R-2̂ ft̂ 0̂ k3̂ 3 lwas
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diluted 80 times and analyzed 37 days after extraction, which is
within the EPA requirement of 40 days for analysis. Smaller
dilutions, completed earlier, reported substantially higher PCP
concentrations—namely, 5800+, 3400+, and 2700+ ug/1. Because of
the high concentrations of PCP found, the interference of other
chemicals, the number of dilutions required, and the instability
of PCP, it is believed that this reported number (860 ug/1) is
understated and not representative of the PCP concentration in
the groundwater at R-2, even though proper QA/QC procedures had
been used. Consequently, the 2,000 ug/1 PCP isocon enshrouds
well R-2.

It is apparent that dissolved PCP extends beyond the present
monitoring well network, as evidenced at monitoring well HAV-05.
The shape of the dissolved plume, as indicated by PCP, is
elongated in the direction of groundwater flow, east-southeast.
In addition, highest groundwater concentrations of dissolved PCP
appear to be related to the location of the subsurface fuel oil
plume, as shown previously in Figure 5-27.

A similar dissolved PCP map was produced for groundwater in the
bedrock. As shown by Figure 5-29, the six CW-series bedrock
monitoring wells indicate that dissolved PCP levels are
significantly elevated at the NWP and PCG sites. Because of the
limited number of data points, no approximation of the extent of
the dissolved PCP plume in bedrock was made by contouring.
However, it appears that the PCP dissolved in the bedrock
groundwater also extends beyond the present monitoring well
network, as evidenced by well CW-6D, the furthest downgradient
deep monitoring well.

AR300323
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Chemical contaminants associated with solvents and degreasers
were also identified in the groundwater. These chemicals are not
constituents of fuel oil, nor were they reported in use in any
past or present wood-treating operation at NWP. To assess the
distribution of solvent constituents in the groundwater at the
site, the chemical trichloroethene (TCE) was chosen as an
indicator species because of its frequency of occurrence in the
groundwater chemical results. The presence of solvents in the
saprolite units was assessed by plotting the reported
concentrations of TCE next to their appropriate well locations,
as shown by Figure 5-30. From this plot, it is apparent that
solvent constituents, as represented by TCE, are present
throughout the area of investigation and apparently extend beyond
the present monitoring well network. The highest concentrations
appear to be located in the vicinity of one of the more
upgradient wells, CW-1 series. As the general groundwater flow
direction is toward the east-southeast, it appears that little,
if any, solvent constituents are entering the site from the
north, as illustrated by Figure 5-30. To refine estimates of
source areas for the solvent and degreaser constituents
identified in the groundwater of the saprolite units would
require additional investigation. However, it appears that one
or more source areas for solvent and degreaser constituents may
exist west (upgradient) of the study area.

The distribution of solvents and degreasers, as represented by
TCE, was also assessed for groundwater in the bedrock.
Figure 5-31 depicts the concentrations of TCE in the bedrock
monitoring wells at the site and is similar to the previously
presented saprolite unit figure. The highest TCE levels were
identified at CW-1, which implies a source located further
upgradient from the study area. Figure 5-31 also
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solvent and degreaser constituents are present beyond the present
monitoring well network, as evidenced by CW-6D, which is the most
downgradient deep monitoring well. In general, the groundwater
in the bedrock at the study area contains elevated quantities of
solvent/degreaser components.

5.3.6.3 Summary of Findings - Based upon the groundwater
chemical results and the measurement and calculation of oil
thickness at the Havertown PCP site, two areas of groundwater
contamination were identified.

First, the existence of the subsurface floating oil plume was
verified as being present beneath the site. Using fluid levels
measured on April 11, 1988, calculations were performed to
establish that the thickness of oil on the water table surface
should be substantially less than the oil thicknesses measured in
tha monitoring wells. Accordingly, the volume of potentially
recoverable floating oil is much less than previous
investigators' estimates. A map of the estimated area affected
by the floating immiscible oil has been produced, which based
upon available data, indicates that the floating oil is present
between NWP and PCG buildings.

Second, chemical results indicate that dissolved metals,
hydrocarbons, pesticides, and isomers of dioxin and dibenzofuran
exist in the groundwater at the site. Dissolved metals which
war© found in relatively high concentrations consisted primarily
of copper, sodium, magnesium, iron, manganese, and potassium,
while lower amounts of chromium, cadmium, lead, and zinc were
also reported.

AR300328
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VOAs consisting primarily of benzene, ethylbenzene,
1,1,1-trichloroethane, vinyl chloride, xylene, and total 1,2-
dichloroethane were identified in the groundwater, along with
lower concentrations of 1,2-dichloroethane, methylene chloride,
toluene, 1,1,2-trichloroethane, acetone, and 1,1-dichloroethene.
VOAs generally increased in concentration with depth at the CW-1,
CW-5, and CW-6 series monitoring wells, while decreasing in
concentration with depth at the CW-2 series wells. In addition,
there was no apparent correlation between the presence of oil in
the monitoring wells and increased VOA concentrations in
groundwater. In addition, VOAs have migrated past the present
monitoring well network.

Relatively few species of BNAs were found in the groundwater;
however, the concentrations of those BNAs that were present
indicate that the groundwater is substantially contaminated, with
bedrock being nearly as contaminated as the saprolite. The
identified BNAs overwhelmingly consisted of PCP, with lower
amounts of naphthalene, 2-methyInaphthalene, phenanthrene, and
approximately 15 other BNA compounds. BNA contamination
apparently extends beyond the present monitoring well network.

Pesticides were found in three monitoring wells—NW-3-81, R-4,
and CW-2D—consisting of delta-BHC, gamma-BHC, and/or dieldrin.
There were no PCBs found above detection limits in the
groundwater samples.

Oil and grease was detected in 12 of the 28 wells sampled, and
results indicate a minor trend of increasing oil and grease con-
centrations in the bedrock, while decreasing in concentration in
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the saprolite as one moves downgradient with the flow of
groundwater.

Primary dioxin isomers found include hepta-, 1234678-hepta-, and
octa-dibenzo-p-dioxins, with the highest total dioxin concentra-
tion occurring in well NW-1-81. It was also determined that
wells with oil in them did not necessarily have the greatest
dioxin concentrations and that dioxin was not identified in any
of the known bedrock monitoring wells. The distribution of
dioxin in the monitoring wells indicates that dioxin has migrated
beyond the present monitoring well network.

Dibenzofuran isomers such as hepta-, octa-, and some hexa-
chlorinated dibenzofurans were identified in the groundwater,
with the greatest concentrations also found in well NW-1-81.
There appears to be no correlation between the presence of oil in
the monitoring wells and the respective dibenzofuran con-
centration.

As dissolved PCP was detected in the groundwater in significant
amounts, an affected area map has been produced using PCP as a
tracer for the dissolved contaminant plume originating from NWP.
The plume delineated by the PCP should be considered a
conservative estimate of the entire plume, as other contaminants,
such as VOAs, are more hydrophilic than PCP and, with their lower
analyte detection levels, may enlarge the dimensions of the
dissolved plume.

Apparently, both the saprolite and the bedrock units contain
significantly elevated quantities of dissolved gasoline/fuel oil
constituents in the groundwater. In addition, solvents and
degreasers, which are not constituents of fweJU Pil*. nWre

n
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detected in the groundwater at the site. Their existence
indicates that other contaminant sources exist in addition to the
subsurface fuel oil. Such sources may include the nearby
automotive repair and service stations which probably use or
formerly used solvents and degreasers such as those identified in
the groundwater. Both the saprolite and bedrock units are
affected by the presence of elevated levels of solvent and
degreaser constituents.

From the data generated by this investigation, it is clear that a
substantial quantity of PCP-contaminated fuel oil is present on
the water table; however, because of monitoring well spacing and
slow oil migration rates, the actual extent of the oil plume is
uncertain. In addition, a substantial dissolved groundwater
contamination plume has been shown to exist and extend past the
present monitoring well network.
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6.0 SURFACE WATER INVESTIGATION

6.1 Surface Water Drainage

The Havertown PCP site is drained by Naylors Run which is a
tributary to the Delaware River. Naylors Run flows in a
southeasterly direction from the site through sections of natural
streambed, concrete-lined man-made channels, and various drainage
pipes before entering Cobbs Creek near Lansdowne, Pennsylvania,
'approximately four miles southeast of the site. Cobbs Creek
empties into Darby Creek which flows through the Tinicium
Wildlife Preserve before entering the Delaware River.

The drainage area of concern consists of the properties of NWP,
PCG, and the residential homes along Rittenhouse Circle. Surface
water from these areas enters Naylors Run through a system of
natural and artificial routes.

Surface drainage from NWP flows predominantly in a northeasterly
direction and is assisted by an 18-inch corrugated metal, storm
sewer pipe which borders the eastern and southeastern side of the
NWP property. Water enters the storm sewer pipe at inlets
located near the pedestrian gate in the vicinity of Continental
Motors and behind the Swiss Farm Market.

A significant amount of water has been observed to collect on
numerous depressions across the NWP property, especially in the
area of the main gate near Eagle Road. There, the surface water
subsequently evaporates or percolates into the ground. When
precipitation is significant, it was observed that a substantial
amount of overland flow occurs, most of which exists on the
property through the NWP main gate. This water, along with the
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water from the storm sewer, flows into a drainage ditch north of
NWP which runs parallel to the abandoned railroad bed.

This drainage ditch routes water under Eagle Road and PCG's
parking lot through a 24-inch, corrugated metal pipe (CMP). This
pipe receives drainage from three inlets located in the PCG
parking lot and joins with a 48-inch pipe carrying water from
Naylors Run above the headwall of the abandoned railroad bed just
north of the PCG property. This water then travels through a
60-inch CMP before emptying into Naylors Run.

A 36-inch CMP runs from Lawrence Road, behind PCG, in a
northeasterly direction before emptying into Naylors Run. This
pipe handles surface drainage from Lawrence Road, as well as
picking up drainage from two inlets located at the southwest
corner of the PCG building.

Drainage from Rittenhouse Circle occurs primarily as overland
flow across the grass areas, road, sidewalks, and macadam
driveways. This water is caught by storm sewers and transported
to Naylors Run. Runoff from the grassy areas either percolates
into the ground, evaporates, moves by overland flow to Naylors
run, or is removed by subsurface drainage tiles installed by some
Rittenhouse Circle residents to control the high water table.
Drainage in the backyards of the homes bordering Naylors Run is
poor as evident by the soft and wet ground surface, which
predominates during a majority of the year.

Plate 1, the site base map, depicts the storm water and sanitary
sewer system which were preliminarily investigated by REWAI

Afl30033i.
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during the RI. No information is available at this time
.concerning the subsurface drainage tiles installed by some
Rittenhouse Circle residents*

6.2 Surface Water Sampling of Naylors Run

Surface water sampling was included as part of the RI at the
Havertown PCP site. The purpose of the surface water sampling
was to assess the extent of contamination in the water of Naylors
Run as a result of groundwater influent and surface water runoff.
Surface water sampling was conducted on July 24, 1987. Ten
surface water locations were sampled, and in addition, a
duplicate sample was taken at surface water location 9 (SW-9) for
QA/QC procedures.

6.2.1 Sampling Procedures and Locations

The surface water sampling began with the downstream sampling
locations and continued progressively upstream to avoid stirring
up sediments and consequently degrading the quality of the
samples. Each sampling location was marked with a wooden stake
on the stream bank and flagged. A description of the location
was recorded in the field notes and the position plotted on the
project base map.

Samples were collected in an area of the stream where there was a
steady but nonturbulent flow of water, by immersing a sample
container and filling it without disturbing any sediments. An
OVA meter was used throughout the sampling to monitor for organic
vapors emanating from the samples, as well as in the working zone
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of the samplers. The results of these readings were included in
the field notes.

6.2.2 Field Measurement of Chemical Parameters

Field parameters were taken at each surface water sampling
location and are included herein as Table 6-1. These parameters
included dissolved oxygen, pH, specific conductance, and
temperature. Field pH measurements were made utilizing a
battery-operated pH meter with a two-buffer (4.0 and 7.0)
calibration. Specific conductance was measured using a Yellow
Springs Instrument (YSI) Model 33 SCT meter calibrated with a
standard solution at 25°C. The immersion thermometer on the SCT
meter was used for making water temperature measurements to
correct measured specific conductance measurements to their
equivalents at 25°C. This was completed by utilizing the
formula:

LR = LT/[! + 0.019 (T - R)]

where :

= conductivity at 25°C (reference temperature)
^ conductivity at sampled temperature

R = reference temperature
T = sample temperature

(Dackombe and Gardiner, 1983, p. 154)

Dissolved oxygen was measured utilizing a YSI Model 51
D.O. -meter. This instrument provides measurement of dissolved
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Table 6-1

Surface Water Parameters

Dissolved Specific
Oxygen Conductance Temperature

Location (mg/1) pH (umhos/cm r25°C1) °(C)

SW-1 5.1 6.53 431 25

SW-2 5.5 6.45 437 25

SW-3 5.5 6.30 433 25.5

SW»4 5.85 6.40 440 26

SW-5 3.7 6.10 583 22

SW-6 6.6 6.98 431 33

SW-7 7.05 6.70 432 32

SW-8 6.9 7.30 418 33.5

SW-9 7.5 7.2 428 32

SW-10 6.6 6.80 445 28
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oxygen calibrated to the oxygen in the air with regards to
barometric pressure and elevation.

It is apparent from the field-measured surface water parameters
that location SW-5 (storm sewer outlet) was unique among the
surface water sampling locations. SW-5 had the lowest dissolved
oxygen (3.7 mg/1) and pH (6.10) of the samples of surface water
tested. In addition, SW-5 also had the highest specific
conductance (583 umhos/cm £ 25°C) of the surface water samples.
The storm sewer pipe (SW-5) apparently influences the quality of
the surface water in Naylors Run by providing effluent waters
which at least affect the surface water parameters tested here.

6.2.3 Chemical Results

Samples were collected and analyzed for the Hazardous Substance
List (HSL) parameters, oil and grease, and dioxin and dibenzo-
furan. Results of these analyses are also included in
Appendix 2.

Several HSL metals were detected in the water chemistry results
included as Table 6-2 from surface water samples SW-1 to SW-10.
Heavy metals such as cobalt, copper, lead, silver, and thallium
were detected in samples at lower concentrations than zinc,
calcium, sodium, potassium, and iron. The presence of metals
such as zinc and copper may be associated with NWP due to the
fact that these metals are used in the wood treatment process at
the site. The detection of lead could be due in part to gasoline
components being washed off of parking lots, road surfaces,
and/or from automotive service stations in the area. Metals
which were detected at higher concentrations, such as calcium,
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